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FOREWORD. 


O all those interested in the education and 
an of the optical practitioner this book, 

by Dr. Max Coque, needs but little recommenda- 
tion. Written, as it has been, with the object of 
bridging the gulf between the student’s elementary 
text-books and more advanced optical treatises, it 
fills a conspicuous gap in the technical equipment of 


‘the present-day optician. The aspirant to ordinary 


research work will find in this book minute instruc- 
tions for the making ‘of: microscopic¢ sectióñs, and for 
the dissection of: an'eye }',the:student-of the nérvotis. 
apparatus of vision will learn pimch-from-the admirable 
handling of this subject, while the lucid descriptions 
devoted to the anatomy of the eye and gf\the orbit 
will strongly appeal to the beginner. oe 


Few men can be so well equips as Dr. Coque 
for the authorship of this booọķ ~ His interest in 
optical work dates back to the@ when, as assistant 
to Professor Monoyer (of fone fame), he initiated 
the medical students of fhe“University of Lyons into 
the intricacies of p ogic optics. As clinical 
assistant to the la r. Dor (Professor of Ophthal- 
mology) he inc that fund of knowledge, which 
later he was, e are with his pupils in England. So 
many genegțėðns of students have studied under his 
guidance Chat it is probably safe to say that there 
is hara town of any size in any English-speaking 
c where his name is not known to at least one 
ttian. Although chiefly confined to the education 
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of his students, his activities have included, amongst 
others, the authorship of papers on “ The Evolution 
of the Eye in the Zoological Series,” “The Production 
of Light by Living Beings” (read to the Optical 
Society, November, 1912), “The Study of Mathe- 
matics” (read to the Optical Convention, 1912), 
Radiation, Illumination and Colour,” ‘‘ Fundamental 
Principles and Technique of Perimetry,” “ Retino- 
scopy,” “ Magnification by Optical Instruments,” etc. 


With steady persistence Dr. Max Coque has 
laboured earnestly and patiently for twenty-five years 
to assist opticians, not only those of Great Britain 
but of all parts of the world, to increase their efficiency, 
and I sincerely hope this Foreword will stimulate the 
Reader to increase his store of knowledge from the 
pages of this work. ; 
Je H, SUTCLIFFE. 


Clifford’s Inn Hall, 
London. 1927. 3s 


AUTHOR’S PREFACE. 


HE law has imposed upon the optician the 

responsibility of recognising the presence of 

disease in the eye. In the case of Markham 
versus Thomas (1909) damages were directed to be 
paid to plaintiff on the ground that the optician 
had failed to notice the presence of a pathological 
condition namely, Conical Cornea. This legal respon- 
sibility has never been set aside and the judgment 
referred to just now might well form a precedent 
and be the basis of similar judgments in cases of the 
same kind. 


For this reason, the Council of the British Optical 
Association has very wisely introduced the subject 
of Recognition of Ocular Diseases into on syllabus 
of the F.B.O.A. Examination. Now, @e recognition 
of pathological ocular conditions Grt from any 
attempt at treatment (which iş lawful province 
of the ophthalmic surgeon) itates on the part 
of the optician a sufficiepf{\knowledge not only of 
the Anatomy and Physiplogy of the Eye itself but 
of the main laws of eral Physiology, i.e., of the 
processes, the resul\ which constitute life, and also 
of the mechani mor the most important pathological 
processes, whigh, as we shall see, are but exaggerations 
of normal_@)‘physiological processes. 


TY Yresent work has been undertaken to provide 
thestptical student with a sufficiently full description 
a e anatomical structure of the eye, together with 
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enough details of general anatomy and physiology, and 
of the most frequently observed pathological processes. 


Whilst much may be learned of anatomy from 
careful study of diagrammatic drawings, as found in 
most text-books, and also from the dissection of a 
fresh eye, such as that of the pig or the ox, yet 
experience has shown that the student often gets a 
wrong impression from the mere examination of 
diagrams; beside, in dissection, a previous hardening 
of the specimen employed is usually necessary to 
obtain a satisfactory view of the structures involved. 


It is obvious however that, so far as the study 
of the human eye is concerned, the ideal way is to 
examine different sections of such an eye. But the 
average student would find it impossible to procure 
the necessary material for a work of this kind, and for 
this reason the author is most grateful to have obtained 
from the Clarendon Press permission to geproduce 
twelve of the beautiful stereoscopic wig of the 
interior of the eye, which have been ared under 
the supervision of Dr. Arthur Thomsen, Professor of 
Human Anatomy at the Univ, of Oxford. The 
set of Dr. Thomson’s plates we nded as illustration 
for a course of lectures l@ delivered to graduates 
preparing for the Diplq@ of Ophthalmology of the 
Oxford University. & complete set goes beyond 
the requirements ys students for whom the present 
book is written, we have selected a series of plates 
the reproduggon of which will prove most useful. 


Thomson remarks in the preface of the 
book N e his set, many of the structures 
of human eye are so small that it is only possible 
ae ordinary circumstances to obtain a satisfactory 
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view of them by the use of a magnifying glass. This 
usually involves their examination by monocular vision 
and consequently entails a loss of that stereoscopic 
effect which is so necessary to determine their exact 
relation. With the object of overcoming this defect; 
preparations were made under Dr. Thomson’s super- 
vision in such a way as to preserve the stereoscopic 
effect and at the same time to provide for such a 
magnification’ as would render clear most of the 
details desired. In some instances a millimetre scale 
is photographed alongside the preparation, so that 
the student may have some approximate idea of the 
size of the structures he is viewing. | 


("It is ‘not suggested by Dr. Thomson that his full 
set of stereoscopic pictures should be a substitute 
for the experience gained by actual dissection, and 
the same remark applies even more forcibly to the 
few plates which we have reproduced and we place 
now before the student. But when one ers that 
the necessary material, more. especiall of human 
nature, is difficult to procure in a RA fresh 
condition to display all the aah of structure, it 
becomes obvious that the ac anying plates may 
serve as a reminder of feathyes previously examined 
and may prove useful as aQandy means of reference 


when permanent pre fions or museum specimens 
are not readily avQleble. 


In most ee the specimens from which 
Dr. Thomson; otographs were taken were removed 
within four@ours after death. They were hardened 
maf Wer cent. solution of formol, subsequently 
froze ND then cut. The further dissections which 


W ecessary were then performed and the prepara- 
dipn photographed under spirit. The result is perfect, 
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as can be seen from twelve of the stereograms 
accompanying the present book, which are exact 
photographic reproductions of Dr. Thomson’s original 
set. No doubt the more delicate structures undergo 
some alterations in the hardening process, but the same 
may be said of all other methods of preparation that 
have been suggested. 


The original set of stereoscopic pictures, published 
by Dr. Thomson in 1912, is intended to be used by 
students familiar with the Anatomy of the Eye and 
the plates (65 in number) are grouped according to 
the method of section employed, or as illustrative of 
different stages in a dissection. For this reason, the 
booklet accompanying the set is divided into five 
chapters dealing with (1) Antero-posterior sections ; 
(2) Dissection of the eye from the front ; (3) Anterior 
half of the eye seen from behind; (4) The lens; and 
(5) The posterior half of the eye. 


S while 


o have a slight 


Our purpose is somewhat diff 
the reader is supposed from the ou 
knowledge of the structure © t cular globe, which 
may be derived from a ul reading of any 
elementary text-book, oe proceed to a study 
of the Anatomy of the by describing successively 
the various coats Cran which constitute the 
organ of sight. N 


The ste One plates, the reproduction of which 
has been ed by the Clarendon Press, have been 


photgegemed by the Camerascope Co., and are 


sup with a convenient folding model of stereo- 
, though any other form of stereoscope could be 
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We wish to record once more our sincerest thanks 
to the Clarendon Press for permission to reproduce 
some of the original plates of Dr. Thomson, We also 
wish to thank the Camerascope Co. for their excellent 
reproduction, and especially the Publishers, Messrs. 
J. & R. Fleming, Ltd., who have taken a great interest 
in our work and have made it possible to place it before 
the student. 


The writer of this book has no pretention to 
originality. A practice of teaching extending over a 
period of more than twenty-five years, both on the 
Continent and in this country, has shown him the 
difficulty experienced by the student who starts on 
the study of the anatomy of the eye. Many of the 
diagrams and illustrations found in most text-books 
on the subject do not give him a clear idea of the real 
arrangement of the various parts of the human eye, 
and it*is chiefly for this reason that the euthor is 
particularly thankful for permission e 
some of Dr. Thomson’s plates, the ination of 
which by means of a stereoscop rds a life-like 
and solid appearance of the struct under investiga- 
tion. Beside the twelve eke l 


ic plates reproduced 
from Dr, Thomson’s set, KG) have added two more 


stereoscopic photographs@pne of the orbital cavity 
and one of a sectio ofr: skull showing the orbits 
and the accessory, Viii in communication with 
the orbits. Thę&se two plates are not intended to 
do away winen examination of a skull but they 


+ 


show Tan structure which would not be easily 
n 


ordinary drawings. 


e present work has mainly been written from 
Ag author’s own notes of his lectures delivered to 
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students attending the British Optical Institute. In 
the introductory chapters devoted to a brief study 
of what is necessary of general anatomy, general 
physiology and pathology, the writer has borrowed 
freely from standard books, especially the admirable 
“ Lessons in Elementary Physiology”’ of Huxley, and 
from Dr. Forrest’s book on “ Recognition of Ocular 
Diseases’’; the latter work being the first attempt 
ever made to enable the optical student to arrive 
at a clear understanding of the most frequently 
observed pathological conditions of the eye. : 


The author wishes to draw the student’s attention 
to the chapters devoted to the Nervous Apparatus 
of the Eye, a subject which, in his opinion, has never 
been given in a form adapted to the requirements of 
readers not acquainted with medical work. A special 


chapter deals with the Technique of Dissection and 


Microscopic Section Making, and anothey oñe with 
the Methods of Examination of tho Ning Eye; 
which are of use in the study o e anatomical 
structure of the globe, T s of the anterior 

ith the help of a 
magnifying glass or wit Nort focus telescope, 
acting as a ene low power microscopes 
Focal illumination and@jhe. use of the slit lamp are 
dealt with in the RY apter. 


A glossar nany anatomical, physiological and 
pathologicale terms which may not be explicitly 
defined inche book, contains also a sufficient account 
of saxtNimportant points in physical and natural 
scien’ that have a strong bearing on our subject. 

“\ichsbetical index for reference purposes, completes 
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In a work of this kind, the various parts of which 
are more or less intimately connected, repetitions are 
almost unavoidable. As a matter of fact, the writer 
has not attempted to avoid entirely such repetitions 
which, in his mind, are calculated to emphasise the 
most important points and their interconnections in 
a somewhat intricate subject. 


To enable the student to arrive at a clear under- 
standing of the matter contained in this book, it is 
suggested that, at a first reading, certain portions 
of the text be left over. These portions are indicated 
by a vertical line in the margin. When a general 
view of the subject has thus been obtained from the 
study of the parts not so marked, the reader should 
revert to the marginally lined portions to complete 
his study. 


Apart from the stereoscopic ` plates allided to 
above, the book itself is illustrated b x$i grams 
many of which are original, while a few Reproduced 
from standard books. xO 


to the Anatomy and Physio of the Human Eye, 
frequent remarks on S anatomy will be 


of some help. 
yY 


Hs the n succeeded in interesting his 
readers in a fas@mating study and if he is instrumental 
in getting saè of them to carry on their work a 
step KE means of more complete books which 
are not,aWapted to the needs of a comparative beginner 
and: to acquire the knowledge that is necessary 
tosaise the work of the ophthalmic optician to a 


Though the main part x N is devoted 
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professional level, he will be amply rewarded for the 
time he has had to spend in compiling this book. 


The writer particularly wishes to acknowledge 
what he owes to his assistant, Mr. G. Colebrook, 
F.B.0.A. (Honours), F.S.M.C. (Masters Prizeman), 
whose many suggestions have proved most useful 
and who has given him, in the preparation of the book 
generally, in the drawing of the diagrams, and in 
the compilation of the glossary and of the index, the 
same valuable help as he gives him daily in ‘the 
teaching work of the Institute. 


M. C, 


Fern Lodge, 
Grove Road, 
London, S.W.9. 


May, 1927. «O 
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CHAPTER GL., 


PHYSIOLOGICAL WORK AND GENERAL ARRANGEMENT 
OR CEE Bie VARIOUS “PARTS! OP THE LIVING; BODY: 
LIVING TISSUES. 


The Physiological Work of the Living Body Generally. 

The eye is a living organ, a part of a living body which, 
apart from the purely optical defects, or errors of refraction 
it may present, may be affected by various pathological con- 
ditions whose seat is in a portion of the body more or less 
remote from the eye itself. Well known instances are the 
poisoning of .the optic nerve due to excessive use of tobacco 
or alcohol (toxic amblyopia); the peculiar form of cataract 
or lens opacity due to diabetes; the iritis (or inflammation of 
the iris) as a consequence of rheumatism; the form of retinitis 
(albuminuric retinitis) due to Bright’s disease; the inflamma- 
tion of the optic nerve head caused by a cerebral tumour. 

It is not rare for an optician to observe, in a careful 
ophthalmoscopic examination, the first appearance of 
albuminuric retinitis or of optic neuritis when the morbid 
process causing a loss or a reduction of visual acuity has not 
yet reached a degree which attracts otherwise the subject’s 
attention, and in such cases it is, of course, the duty of the 
optician to refer the subject to a medical man, mill take 
the necessary measures to deal with the roo ie matter. 
It follows from this that, apart from the le responsibility 
imposed upon the optician by the judg in the case of 
Markham versus Thomas, which has referred to in the 
preface to this work, it is imperati r him to be able to 
arrive at a true eerie on main points in the 


physiological work of the body-g@enerally inasmuch as they 
bear on the functions and on & ealth of the organ of sight. 
With this purpose in w, the main portion of the 
present book, concerne the Anatomy of the Eye, is 
prefaced by a short ac t of Elementary Physiology and 
of the more eae observed pathological processes. 
Modern scienc s established on a sound basis the fact 
that the physiok&yal work of the body is comparable to that 
of a machine Q d that the development of energy or the 
capability oducing work with which the human body as 
well as of all other living beings is endowed, is 
govern y the physical law termed the Law of Conserva- 
omgi S nere. This law, together with the Law of Con- 
oe on or Indestructibility of Matter, which has been 
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established by eminent chemists (Lavoisier, Dalton, etc.) 
towards the end of the 18th and the beginning of. the 19th 
centuries, constitutes the fundamental basis of both physical 
and physiological science. 


The human body may be regarded as a machine, the 
fuel being the food which undergoes oxidation, thus produc- 
ing heat and the necessary energy for muscular and nervous 
labour. The food is not only an energy producer, but it also 
furnishes the materials for the repair of the waste that is 
continually going on and, at least during the early period of 
life, it supplies the materials for the increase in the size of 
the body and of its various parts or organs. [In fact, the 
body is not only a machine but is a self-repairing and a self- 
constructing machine. 

Though it is difficult to give a satisfactory definition of 
life, yet it is a matter of observation that the human body 
(and the same applies to the body of any living animal) con- 
stantly performs a great diversity of actions, some of which 
are obvious, some others are more difficult to observe, while 
others again can be detected only by the use of the most 
delicate scientific appliances. 

As Huxley puts it: ‘‘ Some parts of the body of a living 
man are plainly always in motion. Even in sleep, the 
constant rise and fall of the chest remind us that we are 
viewing slumber and not death. A more careful observation 
is needed to detect the motion of the heart or the pulsation 
of the arteries, or again, to ascertain the cha in the size 
of the pupil of the eye with varying lig AA to recognise 
that the air which is breathed out of Kroas is hotter, 


damper and richer in carbonic acid n the air which is 
taken in by breathing. Lastly, wheg\jye try to find out what 
happens in the eye when that is adapted to different 


distances, or what happens 11 rve when it is excited, or 
in virtue of what mechanism Bidder pain makes one start, 
we have to call into operat; 1 the resources of physics and 
chemistry, and all the ois of inductive and deductive 


logic. 
A general ex Nion of the human body or of the 


body of any o Qicher animals shows that it is made of 
different Pane y separable, such as the limbs, the head, 
the brain, Ga the lungs, etc. Each of these parts has 


body .s ally. 
ANfundamental fact in the physiological work of the 
Yos that this work implies absorption of oxygen, of water 
aS 


a defieg k or function to perform in the economy of the 


food, together with elimination of waste products. 
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The organs which convert food into nutrient material 
in a soluble and assimilable form, are the organs of alimenta- 
tion (or the alimentary canal). Those which distribute nutri- 
ment to the various parts in which it is required are the 
circulatory organs, and those which serve to get rid of the 
waste products are the organs of excretion. We cannot do 
more in this book than to give a very brief account of the 
general arrangement of these organs, and of the main 
physiological work of the body’. 

The organs of alimentation consist of the alimentary 
canal (mouth, pharynx, gullet or cesophagus, stomach and 
intestines), together with their annexes or appendages. 
What they do is first to receive and grind the food, then they 
act upon it with chemical agents of which they possess a 
store which is renewed as fast as it is used. In this way 
they convert the food into a fluid containing nutritious matter 
in solution or suspension, which is absorbed in the blood 
stream, and non-nutritious dregs which will be eliminated. 
This process, i.e., the work of the alimentary organs, is 
termed digestion. 

The distribution of the nutritious material resulting from 
the process of digestion is carried out by means of the 
circulatory organs. A system of minute tubes, termed 
capillaries, is arranged through the whole organism except 
the epidermis, the cartilages, the substance of the teeth and 
a few other parts, for instance, the cornea and the 
lens of the eye. On both sides these tubes pass 
which are called arteries and veins respecygy, which, 
after becoming larger and larger, finally o fn the heart, 
an organ which, as we know, is place the thorax or 
cavity of the chest. During life these ‘s, as well as the 
chambers of the heart with which are connected, are 
filled with a liquid which is the red ‘Avid we are all familiar 
with as blood. The walls of tfaNheart are muscular and 
contract rhythmically, i.e., at “a ar intervals. In fact, the 


heart, by means of the cor tion of its walls, acts as a 


pump, driving the bloudd e arteries and thence into the 

1 What is said in the fo g pages on the physiological work of the 
body should not be regar being a complete study of the subject, but a 
mere introduction to it, Le) the student should supplement by referring to 
Huxley’s Lessons in Elgmefftary Physiology, published by Messrs. Macmillan 
& Co., Ltd. A sim ork is Sir Michael Foster’s Physiology belonging 
to the Science Pri Series, also published by Macmillan & Co., Ltd. 
Those students w sh to go a step further, and acquire a sound knowledge 
of Physiology ANN find all the material they require in Sir Michael Foster’s 
Text Book siology (published by Messrs. Macmillan), or in Starling’s 
Principles ef Wluman Physiology, published by Churchill. The last two 
works se\however somewhat difficult to read without an elementary 
knowl | the subject, and it is with the hope that the first few chapters 


y have been compiled. 


aa sent book may form an introduction to these more complete works 
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capillaries, whence it returns by the veins back to the heart. 
This is the circulation of the blood. 

The fluid containing the dissolved or suspended nutritive 
materials which are the result of the process of digestion, 
traverses the very thin layer of soft and permeable tissue 
which separates the cavity of the alimentary canal from the 
cavities of the innumerable capillary vessels which lie in the 
walls of that canal, and so enters the blood with which the 
capillaries are filled. Whirled away by the stream of the 
circulation, the blood thus loaded with nutriment, enters the 
heart, and is thence propelled into all parts of the body. To 
these parts it supplies the nutriment they require, and from 
them it takes the waste products and finally returns to the 
heart through the veins loaded with useless and injurious 
excretions which sooner or later take the form of water, 
carbonic acid gas and urea. 

These excretory products are separated from the blood 
by the work of the excretory organs, of which there are 
three, namely, the skin, the lungs, and the kidneys. Different 
as these organs may be in appearance, all are built on 
the same principle. Each, in ultimate analysis, is made of a 
very thin sheet of tissue like a delicate blotting paper, the 
one face of which is free or lines a cavity communicating 
with the exterior, while the other is in contact with the blood 
which has to be purified. The excreted matters are, as it 
were, strained from the blood through this delicate layer of 
tissue on its free surface, whence they ma ir escape. 

Each of the three excretory organs dgNéspecially con- 
cerned with the elimination of one he main waste 
products—water, carbonic acid gas at ea—though it may 
at the same time be a means of e for the other two. 
Thus, the lungs especially ser the elimination of car- 
bonic acid gas, but they ao: off a good deal of water 


in the form of steam. The @éXy of the kidneys is to excrete 
urea, but they also elimipgt@“a large quantity of water and 
a slight amount of carb acid gas dissolved in water. The 
skin gives off muc in the form of vapour, a little 
carbonic acid gas a certain quantity of saline matter 
with perhaps a of urea. The lungs, or more generally 
the respirator gans, play a double part. Not only do 
they eliminufOexcretory products as we saw just now, but 
they impon the economy a substance which is neither 
food p< ink, though it is as important as either, to wit, 
Oxy It has been ascertained by chemists that the waste 
peas leaving the body through the organs of excretion 

tain more oxygen than the food and water which are 

en in. Exactly as carbonic acid gas and water are passing 
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from the blood into the external air through the lungs, 
oxygen is passing from the air into the blood through the 
lungs, and is thus carried by the blood to all parts of the 
body. The chemical action of the oxygen thus carried to 
all parts, goes on continually. All parts of the body are 
continually being oxidised, i.e., burnt, some more rapidly 
than others. This burning, though carried on in a peculiar 
manner, and though it never gives rise to a flame, yet pro- 
duces an amount of heat which is as efficient as a fire to 
raise the temperature of the blood to 37° C. (98.6° F.) The 
hot fluid constantly circulating in all parts warms the body 
like a house is warmed by a hot water apparatus. 

Not only is the heat of the body produced by this 
constant oxidation of the living tissues, but this heat supplies 
the energy which has to be spent to produce the various 
movements taking place in the different limbs and organs. 
Exactly as the burning of coal in the furnace of an engine 
supplies the motive power which drives the flywheel and the 
various mechanical devices connected with it, in the same 
way the oxidation (or burning) of the muscles and ultimately 
of the food products, supplies the motive power which is 
necessary to carry out the movements of the body. 

The various processes we have briefly sketched, namely, 
the alimentary, the circulatory, the excretory and the 
respiratory or oxidational processes, would be more than use- 
less if they were not kept in strict proportion to one another. 

If the state of physiological balance .is to he intained, 
not only must the quantity of food tak@jÐbe at least 


1 In the greater part of this work temperature expressed in terms 
of the Centigrade scale. That is, the temperatur oted by o° is that of 
melting ice and the temperature denoted by 1&0} Ys that of water boiling 
at the normal atmospheric pressure and at s A. When the zero and the 
100° points are marked on the scale of a ther eter, the interval is divided 
into roo equal parts or degrees, and th aduation is continued below o° 
and above 100°. Temperatures below o e denoted by the sign —; those 
above by the sign +: thus —10°ggeans a temperature 10° below zero, 
i.e., below the temperature at whic eltste 

In England the usual scal thermometer is graduated according 
to the Fahrenheit method, i he melting point of ice is recorded as 
32° and the temperature of ing.water is 212°. The space between the 
two is divided into 180 parts and the graduation extended below 32° 
and above 212°. To aQespuish whether a given temperature is recorded 
in the Centigrade or the renheit scale, the letter C is added to the first, 


the letter F to the $ . Thus 0°C is 32°F and 100°C is 212°F. The rule 
for the conversio emperatures expressed in one of the two scales into 
the other is qui ple and is represented by the formula F=%C-+ 32 or 


its BENS (F — 32). Thus, if we are given a temperature of 10°C 
the equiva n Fahrenheit is F = 21° + 32.= 50°. In other words, 


ro°C = or . Likewise, if we wish to know how many degrees in Centigrade 
scale ive ond to 50° in Fahrenheit, we find it from C = § (F — 32) in 
BK Oo) 


Y 


w F=50°. Therefore the Centigrade temperature will be 10°. 
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equivalent to the quantity of matter excreted, but the 
nutritious matter must be distributed with due rapidity to the 
seat of each local waste. The circulatory system is the com- 
missariat of the physiological army. Again, if the body is 
to be kept at a tolerably even temperature, though that of the 
surrounding atmosphere varies, the condition of the hot 


‘water apparatus must be regulated. 


In other words, a co-ordinating arrangement or system 
must be added to the above organs. This co-ordinating 
mechanism is the nervous system. 

It is owing to the nervous system that we are aware of 
the need for food, that we discriminate nutritive from non- 
nutritive food. It governs the movements of the jaws and 
of the alimentary canal and determines the due supply of the 
juices necessary for digestion. It is the nervous system 
which supervises the movement of the heart and regulates the 
calibre of the blood vessels. It also governs the excretory and 
oxidational processes, and thus indirectly contributes to the 
maintenance of the hot water apparatus. 

All the phenomena of nutrition generally are under the 
control (automatic) of the nervous system. Beside this auto- 
matic regulation, the nervous system presides to voluntary 
movement, and is also the seat of intellectual functions, as 
we shall see presently. 

Though the bones of the skeleton are all strongly con- 
nected by ligaments and cartilages, yet the įdints play so 
freely, and the centre of gravity of the reee i is so high 
that it is impossible to make a skeleto De a dead. body 


support itself in the upright paniy at position, easy 
as it appears, is the result of th Kat p of a great 
number of muscles which ro) balance one another. 
Thus, the foot forming the e f support, the muscles 
of the calf must contract ts) Ov would fall forward. 


This action would tend tO oe the leg, .but: this: is 
neutralised and the leg is @pt straight by the muscles of the 
thigh. This action Ko would bend the. body forwards, 
and this is avoided action of the muscles of the back. 
Thus, the erect ` we so easily assume is the result of 
the combined a&tign of a number of muscles.. What is it 
which makes {hem work together ? 

Let an rson in an erect position receive a violent 
blow on ead. He falls prostrate in a heap, his limbs 
relax d powerless. What has happened? The blow 
touch any muscle. of the body, and in the greater 


does n - 
ager of cases, not a drop of blood is spilled. . Indeed, if 
h ’ 


t ‘concussion has not been too severe, the sufferer 
o to himself again, and will soon be as well as ever. 
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Therefore, no permanent injury has been done to any 
part, least of all to the muscles, but an influence has been 
exerted upon a something that governs the muscles. <A 
similar influence may be the effect of various causes; a 
strong emotion or a bad smell has the same effect on some 
people as a blow. 

This might lead to the conclusion that the mind governs 
the muscles. It is not so. There are many instances 
recorded of people who have been shot or stabbed in such a 
way that the spinal cord is wounded and partly severed. 
These people lose the power of standing though their mind 
is quite clear. Moreover, they do not retain any power of 
sensibility, i.e., of feeling what is going on, in their legs and 
likewise they lose the power of moving them at will. Yet, 
though the mind is cut off from the lower limbs, a controlling 
power over them is left. If the soles of the feet are tickled 
the legs kick. Again, if electric shocks are sent in the spinal 
cord, the limbs move even more powerfully than they do 
normally under the action of the will. Finally, if the cord 
is not merely severed but destroyed altogether, all the above 
phenomena cease; tickling or galvanic shocks have no effect, 
and the limbs connected with the part of the spinal cord that 
is destroyed lose all sensibility and power of movement. 

Examination of this kind carried farther proves, as we 
shall see later, that though the brain is the seat of all sensa- 
tions and mental actions, and the primary souged of volun- 
tary movement, the spinal cord by itself SN pable of 
receiving impressions from the exterior an verting them 
not only into a simple muscular contracti ut into a com- 
bination of such actions. 6 

Thus, we can conclude that ay nervous system, or 

more exactly, the cerebro-spina vous centres, have the 
power, when they receive erta impressions from without, 
of giving rise to simple or co ed muscular contractions. 
: Now, the impressions% receive from without are of 
different characters. AC rt of the surface of the body 
may be so affected asNo“give rise to sensations of contact 
and pressure, or fen or cold, and any or every substance 
can, under certain umstances, produce these sensations. 

On the o © hand, only a very few portions of the 
bodily fram are competent to be affected in such a w ay 
sations of taste, or smell, of sight or of hear- 
ly a few substances, or particular kinds of vibra- 


a able to affect these parts.’ These limited parts of 
which put us in relation with particular forms of 
tance or with particular vibrations or forms of force, are 


$8 GENERAL PLAN OF THE BODY 
termed the sensory organs, There are two such organs for 
sight, two for hearing, two for smell, and one for taste. 
The work of nutrition generally is, as we have repeatedly 
pointed out, performed according to the laws of conservation 
of matter and conservation of energy. When we try to 
apply the physical and chemical laws to the nervous system 
we meet with what seems at first an insuperable difficulty. 
It is true that mental and other nervous phenomena have 
been studied for a long time, but this study has been simply 
the study of these phenomena by themselves without a 
thought to their correlation with other phenomena of nature. 
It is a matter of quite recent conception that nervous 
phenomena have a direct relation to the other realms of nature. 
We shall revert to the subject in one of the next chapters. 


Brief Description of the General Arrangement of the Body. 

As we have already pointed out, the human body is 
evidently separable into head, trunk and limbs. In the 
head, the skull or brain case is easily distinguishable from 
the face. The trunk is divided into two parts, an upper one, 
the cavity of the chest or thorax, and a lower one, the 
abdomen; the separation of these two parts is effected by a 
muscular membrane, the diaphragm, the contraction and 
relaxation of which serves to increase and to decrease alter- 
nately the size of the upper cavity or thorax. Of the limbs 
there are two pairs, the upper one, or arms, and the lower 
one, or legs. Legs and arms are sub-divid their joints 
into parts which exhibit a rough corre dence, or, as 
usually termed, an homology; the thi geor responds to the 
upper arm, the leg to the forearm, ankle or joint con- 
necting the leg and the foot to thea¥wst or joint connecting 


the forearm and the hand. The x framework of the hand 
corresponds to that of the fooga the fingers to the toes. 
The whole body, apart f the viscera, i.e., the internal 


to be laterally symmetrg That is to say, if it were split 
lengthways by a bigs passing along the middle line of 
both the dorsal ane ventral (or back and front) aspects, 
the two halves Yoykt almost resemble each other. One half 
of the body thuS“divided would show in the trunk the cut 
surfaces of “N¥Mty-three bones superimposed to each other 
with the AXérposition of very strong discs of tough sub- 
stanc joined together by ligaments so as to form a long 


organs located within Cy Th and the abdomen, is seen 


colun) the vertebral column, which lies much nearer the 
dorsal, or back, than the ventral or front aspect. As we 
shqll ’see more precisely a little later, the bones thus cut 
Qhrough are the vertebræ. Each vertebra has a more or less 
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circular opening, and the collection of these openings when 
the vertebrze are placed above one another as is the case in 
the living body, forms a long, narrow canal termed the 
spinal canal. This canal, which is occupied by a long 
whitish cord of nervous matter called the spinal cord, a most 
important part of the nervous system, is on the dorsal side 
of the vertebral column. 

We have said just now that the trunk is divided into two 
main cavities, namely, the chest or thorax, and the abdomen, 
which are separated by a partition in the form of a fleshy 
muscular membrane called the diaphragm. 

The thorax contains the lungs and the heart, while the 
abdomen receives the various parts of the alimentary canal, 
together with those organs (the kidneys) serving to the 
excretion of some of the waste products previously referred to. 

Where the body is succeeded by the head, the upper- 
most part of the vertebral column is continued upwards by 
a continuous mass of bones which extends to the whole 
length of the head, and forms a double bony chamber; the 
back one is the cavity of the skull and contains a mass of 
nervous matter, the brain, which is continuous with the 
spinal cord; the front chamber or cavity of the face is almost 
entirely occupied by the mouth and pharynx, the latter being 
the upper end of the alimentary canal; the two orbital 
cavities also occurring in the front portion of the skull serve to 


lodge the eyes and their appendages, as we shall see\presently. 
The brain and the spinal cord together c iute what 


` is termed the cerebro-spinal axis or cerebro-s centres, or 


again, the central nervous system. T a longitudinal 
section shows that the human body i is Qh é le tube, the two 
tubes being separated by the spina See column, and 
the bony axis of the skull which KO the floor of the one 
tube and the roof of the other. e dorsal tube contains the 
cerebro-spinal centres, i.e., the $ Qi cord and the brain, the 
ventral one, the alimentary @pl, the heart, the lungs, etc. 

Transversal sections Ss at right angles to the axis 
of the vertebral ean that of the skull, show still 
more clearly the f abs structure of the body, and 
explain that the ditfe Or in size of the head and trunk is 
due to the differat size of the dorsal cavity relatively to the 
ventral one P. head the former (the skull cavity) is large 
in mee latter (the cavity of the face) whereas in 
the thor bdomen the dorsal cavity is very small. 


TheNwn Sai contain no such chambers, but with the 
excep of certain branching tubes filled with fluids (the 
ssels and the lymphatic vessels to which we shall 


er later on) they are solid or semi-solid throughout. 
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CHAPTER: II. 


ANATOMICAL ELEMENTS. LIVING TISSUES.. CONNECTIVE 
TISSUE. 


Anatomical Elements. 

The branch of science concerned with the general 
arrangement of the parts of the body referred to in the 
previous chapter constitutes what is called descriptive 
anatomy. 

A further and more elaborate examination of the different 
parts and organs shows that these are made of different 
kinds of materials such as muscle (or. flesh), cartilage or 
gristle, bone, fat, nervous matter, etc. These various con- 
stituents, entering into the structure of the various parts or 
organs, in the same way as bricks, wood, stone, etc., enter 
in the constitution of a house, are termed tissues. Some 
organs are made of one tissue only, others of several tissues. 
The study of these tissues, or fundamental structures entering 
into the constitution of the body, is termed Histology and 
has been created by the French scientist Bichat. 
Though a certain amount, of knowledge concerning the 
living tissues can be derived from observation with the naked 
eye, yet the microscope is absolutely necessary to arrive at 
definite conclusions on the subject of Histol 

The microscope shows that the‘ vario: 

hard, like bone, or firm, like flesh, or, n jelly-like, are 
formed by the juxtaposition of. ext ly small. particles 
called anatomical elements.: Som these elements have 
about equal dimensions in all dizer and are termed cells. 
In others, the length is.in e ot the other dimensions; 
such elements are called fib We shall presently study 
the muscular fibre, the ner, fibre, etc. 

The size of livin of is always microscopic, the 
various cells of the ui body being between 1/1,000 mm. 
and 1/10 mm. e, which, as we shall see, is but an 
elongated cell, e comparatively long, but its width is 


ssues whether . 


always microsgcoprc. 

Thus ou hay is made of an agglomeration of an almost 
infinite , er of these small anatomical elements. It is in 
these nts ‘that the phenomena of waste and of repara- 
tion Wh constitute life take place. When we speak of 

itrition of a human being we must think not of the big 
o ic masses (limbs or organs) but of the microscopic 


Oteménis (cells or fibres) which lie side by side and which 
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work harmoniously and in common to maintain the life of 
the individual as a whole. All these cells and fibres are 
comparable to as many small beings which live indepen- 
dently from each other and whose total vital activities con- 
stitute the life of the individual. 


Facts of observation support these views. There are 
small low animals, hydra, for instance, which can be cut up 
with impunity: each bit continues to live, and finally each 
one reproduces a whole hydra. Similar facts occur in 
animals nearer to man. The eye of a salamander or a triton 
can be reproduced after removal, as we shall see later on. 


In man himself (and the same applies to all living 
beings) the independence of the anatomical elements has 
been, proved by an experiment performed by a French 
surgeon, Garengeot, in the early part of the roth century. 
A man had his nose cut off in a street brawl. He picked it 
up from the muddy ground and brought it to Garengeot, 
who cleaned the severed organ and fixed it in its normal 
position by the help of a few stitches. He found, to his 
surprise and delight, that the nose thus grafted in its position 
took root, and after a time assumed its original appearance. 
Since then, many instances have been recorded of noses or 
even fingers which have been replaced after being separated 
from the rest of the body, and have resumed their usual 
appearance and function. 

Later on, Paul Bert removed the tail of a O rat for a 
length of two or „three centimetres. He keQi Tt for a. few 
hours at a favourable temperature and Hie not attempt 
to replace it in its position, but grafte O the back of the 
animal. He found that the grafte took root at the 
place it was fixed, and grew to th al length of 8 to 10 
centimetres. K 

Hence it is correct to say. tð each part of the body has 
its individual life, and by yt we do not understand each 
limb or each organ, but arami elements (cells and 
fibres) whose collectian@gistitute the various organs and 
generally the whole N itself. 


Thus we arri the conclusion that the body has to be 
regarded as a cołlection of millions of anatomical elements, 
cells or fibre i i in various tissues, each of these 
elements hejo live and working in harmony with the others 
to maint@Nthe life of the body as a whole. 

In, tN community, the constituent elements do not live 
in qy iatea way. Each of them works for itself to be sure, 

rs ch also works for. the good of the community, and 
nds on resources derived from other elements. Thus, 


wy 
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in the above experiment performed by Paul Bert, the tail of 
the rat continued to live when cut off because it had stored 
a certain amount of foodstuff. When this is exhausted, the 
tail would die and could not resume life when grafted. If 
grafted while still alive, it will still receive (though in an 
abnormal way) the nutriment it requires. The blood itself, 
which, as we have pointed out, is the carrier of foodstuff, 
is manufactured and kept up by other anatomical elements. 
Thus everything is connected and in harmony in a 
living body in normal health, the integrity of the whole 
depending on the regular life of the constituent anatomical 
elements. 

The modern conception of a cell and the doctrine that 
‘the body of all animals and plants consists either of a 
single cell or of a number of cells and their products,” and 
that all cells proceed from pre-existing cells, is the present 
basis of Physiology. . 

A single cell is a minute corpuscle of living substance or 
protoplasm, the size of which varies from 1/1,000 to 
1/10 mm A cell is made of two distinct parts, the main 
substance or protoplasm in which a nucleus is embedded. 
The protoplasm often includes granules of nutritive material 
or of matter stored up for nutrition purposes. The external 
layer of the protoplasm is often altered so as to form a 
distinct cell wall, but this is more common in vegetal than in 
animal cells. This wall may be regarded as ickening of 
the external protoplasmic layer, and its p ce or absence 
is of small importance. The nucleus, on other hand, is a 
most important part and presides to t ttritive activity and 
to the reproduction of the cell. It is rded as the conveyer 
of hereditary characteristics. T toplasm is a semi-fluid, 
transparent substance which gw up in water but does not 
dissolve in it, and does not 1 XM vith it. It consists of about | 
80 to 83 per cent. of water OO, 20 or 17 per cent. of solids, 


chiefly proteid or Ree td matter. In fact, it is difficult 


to give an exact defigp of protoplasm. The notion of 
e from that of life, and up to now it 
has been found sible to give a satisfactory definition of 
life. All we catuéay is that the term protoplasm applies to 


+ 
1 For Roe of the size of small objects only visible under the 


microscope illimetre, the smallest unit generally used for measurement 
x spec onsiderably too large. It has been found convenient to use 


protoplasm is inse 


a spec it termed the micron, which is equal to 1/toooth of a millimetre 
and ig ually denoted by the Greek letter u. Thus, a cell the size of which 
is oo mm. is said to be 1 micron; a cell of 1/1toth of a millimetre is 100 

b and so on. In the chapter devoted to microscopic work, we shall 
X 


CEP ain how the size of a minute object seen under the microscope can be 


timated. 


ANATOMICAL ELEMENTS 13 


substances which, in circumstances necessary for the exist- 
ence of living beings, exhibit vital manifestations which we 
will examine presently, and which consist mainly of assimila- 


_ tion and dissimilation, growth, reproduction and production 


of movement or of heat. As Claude Bernard puts it, proto- 
plasm is the agent of the vital manifestations of the living 
cell; Huxley defines it as the physical basis of life. 

The notion of protoplasm is therefore an abstract and 
general idea, like that of life itself, and does not correspond 
to a well-determined substance. There are an infinity of 
protoplasms, as many as there are living species, as many 
as there are distinct individuals in a specie, and as many as 
there are different cells in a given individual. - It is true that 
the various protoplasms cannot be differentiated from the 
morphological standpoint, or from the standpoint of their 
physical or chemical properties, but they differ by their 
physiological reactions, and by the properties of the products 
they elaborate. The various hemoglobins (or hemoglobins) 
which can be extracted from the blood are compounds of 
hematin (or hematin) and albumin.* Now the hematin is 
the same in all animals, and it is united to the same amount 
of albuminoid substance. Yet the hemoglobins derived from 
the blood of various animals crystallise in different ways. 
The hemoglobin of the human blood crystallises in long and 
narrow prisms; that of the cobaye (guinea-pig) in 
tetrahedrons; that of the squirrel in hexagonal ptes; that 
of the turkey in cubes; that of the goose N needles 
arranged in the shape of a rosette, etc. TI acts lead us 
to admit that the differences between the. v s hemoglobins 
are: due to a different constitution QD the albuminoid 
substance in different animals. Q 

In a similar way the starch e d from vegetal cells 
answers to the chemical Su represented by the 
formula C,H,0,, but it presentSJtself in the form of grains 
of different size and appearak@g, according as it derives from 
different vegetals. Whe Oye in water, the grains swell 
and give rise to a vi Qi and transparent liquid, and the 
temperature at whi e swelling begins is variable; with 
the starch derived {gm the potato this swelling occurs when 


+ 
1 The word a like many other words concerned with the blood, 


should be spel a diphthong since they are formed from the Greek prefix 
hemo signa “ pertaining to the blood.” Thus we should write hemo- 
globin (to e the colouring matter of the red blood corpuscles) ; hematin 
(to dendte the product of decomposition of hemoglobin); hemorrhage 
(to S an escape of blood from the blood vessels, either by diapedesis 
throu% intact walls or by rupture of the walls of the vessels), etc. These 

are, however, frequently spelt hemoglobin, hematin, hemorrhage, etc. 
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the temperature reaches 65° C., with the starch derived from 
corn the temperature of swelling is 70° C., with that obtained 
from rice it is 80° C. eins 

The various kinds of starch are also acted upon more or 
less energetically by different reagents; they all become blue 
in the presence of iodine, but the intensity of the blue 
coloration is not the same for all, every other thing being 
identical. Thus, grains of starch, though having the same 
chemical composition, differ in their physical and chemical 
properties according to the various protoplasms from which 
they are elaborated. Similarly the fats which accumulate in 
the adipose cells’ of various mammals show wide variations 
in their point of fusion, according to the species from which 
they derive. 

The way in which different living beings react in the 
presence of a same physical or chemical reagent shows also 
that the living substance of these beings, though apparently 
identical, must really differ very widely. This is proved by 
the more or less resistance of unicellular beings to a high 
temperature or a similar resistance to various poisons in 
higher types of living organisms. Thus a goat can bear 
without any apparent ill effect a dose of morphine which 
would put to sleep a great number of men. 

We have said that the bodies of all beings are made of 
either a single cell or of a collection of cells. 

The study of the vital properties of protopl 
generally is easily studied in the amoeba, a 
being found in stagnant water and damp 
the white corpuscles of the blood, whic 
retaining their simple primitive form ae) 


ular living 
, OF again in 


e body of a higher 


animal. $ 

In every pond with weed, KAY ul search will produce 
many microscopic creatures ( œbæ) which represent one 
of the least elaborate types oMiving animals known. It is 
merely a minute morse &@) jelly-like substance (or proto- 
plasm) which changes ¢ ape constantly. It has no wall 
but, as it does not di e in water, it remains separate from 
it as would be (ease for a bubble of oil floating in 
water. 

Carefully €gamined under the microscope, an amceba is 
seen to CO } of an irregular mass of protoplasm with a 
nucleu Qi edded in it, the protoplasm being usually 
granu h appearance. Its shape changes constantly, the 
a eing able, so to speak, to move its contents from 

d to the other: processes or pseudopodes are extended 


ony 
ep retracted, and the animal, by means of these processes, 
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can change its position. In fact, the amceba can flow about 
in any direction, altering its shape to an indefinite extent, 
and forming itself either in a long projection, as a tiny 
trickling stream, or swelling into a more or less spherical 
knob. In this way it slowly moves about without, as far as 
can be seen, any apparent purposes. As the protoplasm, 
the jelly-like substance of which it is made, is filled with fine 
particles or granulations, the flowing of the fluid creature 
and the extension and retraction of its pseudopodes can 
easily be followed under the microscope. . (See fig. 1.) 

Hence, the living cell constituting the amceba has the 
power of movement. A white corpuscle exhibits similar 
spontaneous movements consisting in constant changes. of 
shape and progression of the whole cell. Such movements 
are called amoeboid movements, and all living cells possess 
this power to a variable extent. 

Beside the .apparently spontaneous movements just 
described, the living cell can be excited or stimulated by the 
action of external agents called stimuli generally. Mechanical 
pressure, heat, electricity, chemical reagents, and foreign 
particles can act as stimuli. When a suitable stimulus is 


Fic. 1 sh vy changes 
in shape amoeba 


observed r the micro- 
scope wá a magnification 
of ab oo diameters. 


= r changes may be 
= ved in a white blood 
] Cy scle. Note the pro- 

ction and the retraction 


of the protoplasmic process 
or pseudopodes, 


—$<@ 

applied to the cell, Ne: exhibits its power of response 
by contraction of [Oe and changes in shape. This 
power of respongy to an external stimulation is termed 
Irritability. . T, WW50-called spontaneous movements we have. 
referred to ION are probably the effect of, external stimuli. 

If aN or a white blood corpuscle is carefully 
watchedyurmder the microscope it will. be..seen that when it 
com wae something’ suitable, some particle: floating in 
the anon, it begins -to--pour itself out. in streams or 
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pseudopodes which bend round the desired object. These 
streams, these pseudopodes, as they meet round the particle 
join together, and the object, the particle, is thus caught 
within the cell, and enters into the jelly-like protoplasm, 
where it gradually dissolves after undergoing chemical 
changes, and thus becomes incorporated in the protoplasmic 
mass of the cell from which it soon becomes indistinguish- 
able. The part of the object that is not assimilated is 
rejected. This shows that the amoeba feeds by literally 
putting itself outside its food. When the particle of food 
has been dissolved, the hard or insoluble or unassimilable 
portion of it is allowed to escape into the water, and the 
assimilated part goes to increase the size of the cell. 

Thus, the living cell has the power of digestion and 
nutrition accompanied by a power of respiration. Exactly 
as in a living man oxygen is absorbed from the air, is drawn 
into chemical combination, and is afterwards rejected or 
exhaled, for the most part united with carbon in the form of 
carbonic acid gas, in the same way the power of assimilation 
of the living cell is accompanied by an absorption of oxygen 
and a rejection of carbonic acid gas. 

Further observations show that not only can a living cell 
build up its own substance from the food it absorbs, but it 
may also be the seat of other chemical changes, the result of 
which is the formation of materials like glycogen (a variety 
of sugar), fat, or ferments, into its own sub ce. On the 
other hand, these constructive processes a GG ays accom- 
panied by destructive changes, the chigf@pne of which is 
oxidation. We shall see presently RY higher animals 
special cells, in organs called secretuíg)ġlands, are set apart 
for the production of ferments pl a most important part 
in the life of the animal. 

The whole series of chgfgical changes occurring in a 
single cell and also in a bodwJmade of cells, beginning with 
assimilation and endit@y with excretion, is termed 
metabolism. The pr of building up living material, or 
constructive metab , is termed anabolism. The process 
of breaking dow, erials into simpler products, or destruc- 
tive metabolism\i8 termed katabolism. 

Thus, tk@Jiving cell exhibits a power of movement, a 
power of Noes to stimuli or irritability, a power of 
ISS and growth. 

h a single cell (e.g., an amoeba or a white corpuscle) 
hag teached a certain size, its power of reproduction comes 
i lay. This power is manifested by a simple division of 
she cell substance, preceded by a division of the nucleus. 
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Two cells, two amæœbæ, or two white blood corpuscles, are 
thus produced, each of which will grow and ultimately divide 
into two other cells, and so on. 

The problem of the origin of the living cell is one of 
the most difficult in biology, and we cannot discuss it in a 
work of this kind. For our present purpose it is sufficient to 
state that the researches of Tyndall, Pasteur, Lister, etc., 
have proved in a most definite way that ‘‘ spontaneous 
generation ’’ is an absolute impossibility, and that a living 
cell always originates from a pre-existing cell. 

The body of man, and of every living animal, is 
developed from a single cell, the ovum or egg, which, after 
fertilisation, first divides into two, each of which divides 
again, and so on. After this process of division has pro- 
ceeded for some time, ‘the cells of the embryo become 
arranged into three layers, the outermost being termed the 


“epiblast or ectoderm; the innermost is the hypoblast or 


endoderm, and the middle one the mesoblast or mesoderm. 
From these three embryological layers all the tissues and 
organs of the adult are formed. 

In this process of development from the three embryo- 
logical layers, there is no longer mere cell division, but the 
various cells become modified or metamorphosed from their 
original condition. Some become thin and flat, and, coher- 
ing at their edges, form blood-vessels. Others become 
elongated and thread-like to form the fibres of t uscular 
and the nervous tissues. Others become sepa y inter- 
cellular substances derived from the cells selves, and 
in this substance fibres such as occur i nective tissue 
or calcareous matter as in bone are dep d. 


O 


Living Tissues. ; 
Having thus described the epuctur and properties of 
the protoplasmic units called_pétfs, we must briefly study 
the different kinds of m Is or tissues forming the 
various organs of the b deN he number of distinct tissues 


in the human body m e reduced to five, namely :— 
(a) The epithe or surface-limiting tissue. 
(b) The cennéctive or supporting tissue. 
(c) Theol or contractile tissue. 
(d) J ervous or sensory tissue. 
(e) blood and lymph or nutritive tissues. 


Each kind may be sub-divided, but the various sub- 
divis% re not always sharply defined, forms of transition 
bei@y often recognisable. 
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18 LIVING TISSUES 
Epithelial Tissue. 


An epithelial tissue or an epithelium is a tissue covering 
the external and internal free surface of the body, and is 
made of layers of cells placed side by side with a variable 
amount of cementing substance. It forms (1) the outer 
surface of the skin or epidermis; (2) the covering of mucous 
membranes, i.e., of membranes lining the passages and 
cavities communicating with the exterior and the ducts and 
tubes of glands opening in these cavities; (3) the terminal 
parts of the organs of special senses; (4) ‘the inner surface 
of the serous membranes, i.e., those membranes formed of 
closed sacs which surround the viscera or internal organs of 
the body; (5) the inner surface of the heart, blood-vessels, 
and lymphatic vessels (Endothelium); (6) the inner surface 
of the cavities or ventricles of the brain and the central canal 
of the spinal cord. 


Epithelial cells, like all living cells, consist mainly of 
protoplasm and a nucleus; having different functions (pro- 
tective, secreting, etc.) and being exposed to various 
conditions, these cells present great variations of structure 
and form, some of which we shall investigate presently. As 
regards arrangement, epithelial cells may be stratified, i.e., 
forming several superimposed layers, or simple, i.e., 
arranged in a single layer. As regards shape, epithelial 
cells may be classified into squamous or flat, columnar or 
cylindrical, or cubical. 


No blood-vessels pass into the gs tissues, the 


cells deriving their nourishment by im on of the plasma 
exuded into the subjacent tissues, in many parts fine 
nerve fibres exist in the form of filaments distributed 
amongst the epithelial cells. 

A peculiar form of epitt Q is the ciliated epithelium, 
in which the cells, usually cpvmnar, have at their free ends 
fine hair-like processes cĦia. - Each cell has a brush of 
cilia 1/100 mm. long Othe windpipe. These cilia exhibit 


during life and fo rt time after removal, rapid whip- 
like movement. cilium bends swiftly in one direction, 


and returns t upright position, in the fluid which con- 
stantly bath e ciliated surface. It is thus that mucus is 
moved alédn@ the bronchial tubes and windpipe. Such 


helia are found in the respiratory passages, the 
of the brain, the canal of the spinal cord, etc. As 


we Í see at a later stage, the cause of the movements of 


Acilia in a ciliated epithelium is not entirely known; the 
ce of motion is contained in the cell itself and is 
Ò independent of any connection with nerve fibres. 
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Various forms of epithelial cells are connected with the 
termination of certain sensory nerves to form a receptive 
end-organ for different kinds of vibrations (rods and cones 
in the eye; auditory cells in the ear, etc.). Such epithelia 
are called sensory. 

Leaving aside the varieties of sensory epithelium we 
shall study later on, the main functions of an epithelium 
are either protective or secretive. The layers of epithelium 
covering the skin (epidermis), and that lining the air pas- 
sages, the lids, etc., are mainly protective coverings. The 
epithelial cells of the salivary glands, of the gastric glands, 
of the liver, etc., are composed of protoplasm, which is the 
seat of active chemical operations, and in which new 
substances are formed from the blood and poured out as 
secretion to fulfil important functions, or again, are dis- 
charged from the body as excretions. 

A ciliated epithelium is protective since it aids in pro- 
pelling fluids and minute particles from the body. 


Connective Tissue. 

The term Connective Tissue applies to tissues appar- 
ently very different, but which perform a common function, 
that of binding and supporting the other tissues and organs 
or parts of organs of the body. The connective tissue is 
comparable to a certain extent to the cotton-wool filling a 
case in which fragile objects are packed; the objects them- 
selves represent the different organs or the pane a same 
organ. 

It is a kind of connective tissue which S an internal 
lining, more or less thick, to some epi la in order to 
increase their resisting power. 

Thus, the skin covering the hu Qody is made of two 
parts, namely, a superficial part Oo in the form 
of a stratified epithelium and a per portion termed the 
dermis, made of connectivestissue. The epidermis is 
deprived of blood-vessels a nerves, and can be cut off, 
as in shaving, WEEN g, and without any painful 
sensation. The dermi the other hand, is a sanguine 
structure which ble Frey when cut, and is supplied with 
numerous nerve fibre’¥ which explain its exquisite sensibility 
when the coverifg@pithelium is removed. It is the dermis 
which tans w the skin is made into leather. 

Anot SS riety of connective tissue is the loose tissue 
which bin e skin to the subjacent parts. If one skins a 
rabbit, Ae can see that the skin proper is connected with 
the sù nt parts by numerous whitish filaments, the inter- 
laci of which forms a loose network; this loose network 
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‘ıs made of connective tissue, and forms a part of the great 


connecting medium by which the various parts and organs 
of the body are held together. It passes from the dermis 
of the skin between all organs, enclosing the muscles, coat- 
ing the bones, etc. So completely does the connective tissue 
permeate almost all parts that if every other tissue were dis- 
sected away, a complete model or mould of all the parts and 
organs would be left consisting of this tissue. 

We have mentioned before the mucous membranes, the 
soft reddish membranes which line the internal passages and 
cavities of the body which are in direct communication with 
the exterior and are continuous with the skin at the various 
orifices on the surface of the body. As an instance, we may 
mention the mucous membrane lining the mouth, the cavities 
of the nose and the air passages generally; another instance 
is the conjunctiva which lines the internal surface of the lids 
and the anterior portion of the eyeball. 

A mucous membrane has a structure resembling that 
of the skin, i.e., it consists of a superficial layer or epithelium 
supported by a corium of connective tissue which is richly 
supplied with blood-vessels and nerves. In some regions, the 
mucous membrane is loosely attached to the subjacent parts 
by an areolar tissue similar to that connecting the skin and 
the organs beneath; in other regions, the mucous membrane 
is closely connected to the tissue beneath it (as in the tongue) 
or to cartilages (as in the larynx) or to bones (gs in the nasal 
cavities). re 
In fact, a mucous membrane mighgpe likened to an 


internal skin, only while inthetrue skin outside epithelium 
becomes harder and more corneou 6 east, in some parts) 
owing to atmospheric effects or-s~continued mechanical 
pressure, the epithelial surf a mucous membrane 


remains soft and more or le vety because it is kept wet 
by the fluid secreted by theands of the subjacent portion, 
as we shall see present Besides, the epithelium of a 
mucous membrane is Vs comparatively thin, so that the 
blood circulating iN@ ep corium gives it its reddish tint. 

The term ` is membrane ” is derived from the fact 
that the glan 


tained in the corium constantly secrete 
a viscid E 
surface. 2 


mucus which is poured on the epithelial 


As X before, connective tissue varies very much in 
charasiwN\ ‘in some parts being soft and tender as is the case 
in tÀ pe of tissue binding the skin to the subjacent parts 

pe which is termed subcutaneous owing to its location 

ateolar because of its mesh-work arrangement) sometimes 
more or less elastic (as in cartilage), sometimes very hard as in 
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bone, which is but a variety of connective tissue. All connec- 
tive tissues derive from the mesodermic layer of the embryo. 

It is interesting to examine briefly the formation of 
connective tissue from the mesoderm of the embryo. Where 
such a tissue will ultimately be, there are at first only 
embryonic cells, all similar to each other, and closely packed 
together. | When the process of formation of connective 
tissue begins, these cells separate from each other and assume 
the shape of a star with processes by which they remain 
joined together. At the same time, their protoplasm 
elaborates a peculiar albuminoid substance which flows from 
the cell body and occupies the intercellular spaces; for this 
reason, this substance is termed interstitial substance. In a 
general way, this term applies to any substance of cellular 
origin which ultimately condenses outside the cells which 
have formed it. 

The interstitial substance of the connective tissue, 
instead of remaining homogeneous or amorphous (i.e., 
structureless) assumes gradually the form of filaments, which 
are of two kinds: (a) some are very fine, yellowish, elastic, 
ramified and undulated ; they are called elastic fibres and are 
not destroyed by a 4o per cent. solution of potash. Such 
fibres are found in the walls of the arteries and in tendons, 
to which they give a certain degree of elasticity; (b) another 
part of the interstitial substance takes the form of larger 
and whiter filaments narrowed at intervals and longNudinally 
striated; they are the true connective fibres wish are dis- 
solved in a 40 per cent. solution of potash. 

It should be borne in mind that th stic and the 
connective fibres are not elongated celly @ is the case for 
nervous and muscular fibres, as we § ace presently), but 
are derived from products elaborate the cell protoplasm 
which escape the cells of origin &n assume the shape of 
filaments. These filaments are Q@egularly interlaced in the 
spaces left between the star-sl@ped cells, the whole forming 
a mesh-work, the interstices which are filled with some of 
the interstitial substa Ont ich remains in its original 
amorphous state and_c itutes what is termed the matrix. 

Thus, connecti Ssue is made of three main elements, 
namely, star-sha cells connected by their processes, 
elastic and conneXtve fibres, cells and fibres being embedded 
in a variab] ount of matrix or amorphous interstitial 
substance Sed from the cells. It is frequently observed 
however t amoeboid cells travel in the meshes of the net- 
er ie cells are merely white blood corpuscles which 
haxe ed through the walls of the capillary blood-vessels 
p ating the tissue. 
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For the purpose of description, we can classify connec- 
tive tissue into:—(i.) connective tissue proper; (ii.) fibrous 
connective tissue; and (iii.) bone. 

(i.) The connective tissue proper is represented by the 
dermis of the skin and the tissue which springs from the 
dermis and extends between the various organs or parts of 
organs, as we have mentioned above. 

A special form of true connective tissue is the adipose 
tissue, in which the protoplasm of the cells becomes replaced 
by droplets of fat which ultimately fill the whole cellular 
cavity, the protoplasm itself being reduced to a very thin 
membrane and the nucleus rejected to the periphery or even 
disappearing altogether. This phenomenon especially 
occurs in the connective tissue forming the dermis of the 
skin, and the resulting tissue is termed an adipose tissue. 
When a fragment of adipose tissue is heated, the cells burst 
to enable the fat to escape in liquid form, and all that is left 
is a residue made of the cellular envelopes and the inter- 
lacing fibres together with the amorphous intercellular 
substance which may be present. 

(ii.) The second variety of connective tissue may be sub- 
divided into white fibrous tissue and yellow elastic tissue. The 
former, in which the white connective fibres we have alluded 
to just now are abundant, constitutes the chief part of the 
tendons of the muscles, whereas the latter, in which elastic 
fibres occur in predominating numbers, i esent in the 
walls of the windpipe and that of the l@per arteries; the 
elasticity of the constituting fibres Aries to keep the 
vessels open. O 

In the white fibrous tissue mNSonnective fibres often 
arrange themselves in parallels forming compact 
bands or cords termed ligafgents (serving to connect the 
bones at the joints) and ten@ns (serving to attach a muscle 
to a bone). However, issue may also occur in the form 
of fibrous membrane is the case in the periosteum or 
external covering oP bones, the dura-mater or external coat 
of the brain, Al@aponeuroses enveloping and binding 
together Soar adie etc. In those cases, as also in the 
dermis of Ren and the corium of the mucous membranes, 


the bund]@)%f interlacing white fibres form a more or less 
close ork. Compact white fibrous tissue, whether in 
the of elongated bands or of fibrous membranes, has a 


ing pearly aspect; it is very strong and pliant and 
lastic, while a certain amount of elasticity is the main 
haracter of the yellow elastic tissue. 
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The term cartilage or gristle applies to a special variety 
of connective tissue occurring in the form of a tough bluish- 
white substance, opaque in mass but translucent when cut 
in thin slices. Though of firm consistence it is very elastic, 
yielding to pressure or torsion, but recovering its shape 
when the constraining force is removed. No nerves are 
found in cartilage, which is therefore devoid of sensibility. 
It is also non-vascular, and derives its nutriment by imbibi- 
tion of the lymph which exudes from the capillary vessels 
of the surrounding tissues. Under the microscope cartilage 
is seen to consist, like all connective tissues, of nucleated 
cells immersed in a ground substance or matrix quite 
amorphous or homogeneous (i.e., without any definite 
structure, and having the appearance of a mass of glass). 
The matrix is permeated by the two varieties of fibres we 
have mentioned in the preceding page. 

Cartilage is found where great strength and a certain 
amount of rigidity are required. It assists in binding bones 
together, yet allowing some degree of movement (as in the 
case of the discs separating the vertebrze of the vertebral 
column). It acts as a buffer to deaden shocks, it reduces 
friction at the various joints or articulations and, in the form 
of costal or rib cartilage, it forms an important part of the 
framework of the thorax to the walls of which it imparts 
the necessary elasticity to allow the expansion of the lungs 
during respiration. < 

To sum up, the connective tissue di rom an 


epithelial tissue in a very essential feature. epithelium 
the constituting cells are placed close to r, and though 
these cells may be and generally are ed by a certain 
amount of interstitial substance Toa is always very 
small. 


In any form of connectiv SER and especially in 
cartilage, a relatively consid Ke amount of intercellular 
or interstitial substance Chhatri originates from the 
nucleated protoplasmic -2 Hence the cells are more or 
less embedded in a NE differing from them which 
constitutes the matyx\JIn an epithelium, though the cells 
may be joined to Au: by a cement material, this is never 
abundant enoug oY deserve the name of matrix. 

‘ith the exception of the enamel of the 


(iii.) Bon 
oath bon ean hardest structure of the body; yet it 
possesses See toughness and elasticity. In its fresh 


state, age is pinkish white externally and reddish internally. 
On SO! g through a bone, it is easy to see two kinds of 
bogs, t ssue, a hard and compact tissue, like ivory, forming 


Ka 


. pact tissue. There is always, ho 
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the outer shell and a looser tissue internally, with fibres and 
thin plates having the appearance of lattice work, called the 
cancellous tissue; a gradual transition from one to the other 
is often apparent. 

In a long bone, like the femur (or thigh bone) or the 
tibia (one of the bones of the leg) the large round ends 
consist of the cancellous tissue with a thin coating of compact 
tissue. 

A fresh or living bone is covered by an outer tough 
fibrous membrane called the periosteum. From a close net- 
work of blood-vessels in the periosteum, branches find their 
way through small openings on the surface of the bone, 
mainly to nourish the compact tissue; these vessels run in 


‘the bone through tiny channels called Haversian canals. 


By stripping the periosteum from the surface of a living 
bone, small bleeding points, indicating the entrance of the 
periosteal vessels, may be seen, and longitudinal sections of 
a long bone show not only that the substance of the bone is 
well supplied with blood, since this is seen to exude in all 
parts, but that the interior of the bone is occupied by a 
cylindrical cavity filled with marrow. Beside the blood 
derived from the periosteum, long bones have an artery 
which enters at some part of the shaft, passes into the 
medullary canals and breaks up in the marrow. Smaller 
vessels reach the articular extremities to supply the cancel- 
lous tissue; during life, the spaces of the cancellous tissue 
contain marrow and blood-vessels. Flat ees like the 
shoulder blade and short bones like those e°wrist or the 
ankle have no marrow internally, and ar 
central mass of spongious tissue surr 


ed by more com- 
r, a thin layer of 
marrow substance between the steum and the bone 
itself 

We cannot go into detaġywith respect to the arrange- 
ment of the skeleton, i.e e bony framework for the 
support of the soft SE ON the body; the skeleton includes 
various cavities for g Option of important organs as 
the brain, the a the eye, the heart, the lungs, etc. 
Moreover, some bones of the skeleton act as levers for 
the action of TOA scles and joints to aid in the locomotion 
of the HENS Gye shall, however, describe at a later stage 
the portio QP the skeleton constituting the orbital cavities 
and Ww ounding parts. 

Nèh bone is apparently rigid it has a certain degree 
of any as shown by the rebound of a skull dropped 
o ground. Bone may be regarded as a form of con- 

Ctive tissue in which the interstitial substance has been 
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replaced by mineral matter, mostly phosphate of calcium, 
carbonate of calcium, with a small proportion of calcium 
fluoride and magnesium salts. The hardness and compact- 
ness of bone depends upon the mineral matter it contains; 
its elasticity and toughness, upon the animal matter. The 
mineral matter may be removed by placing a bone in diluted 
hydrochloric acid: the bone will not be altered in shape but 
can be twisted and bent in any direction. In fact, bone 
from which the mineral matter is thus removed assumes the 
appearance of cartilage, and this by prolonged boiling in 
water will yield gelatine as all connective tissues do in the 
same circumstances. 

On the other hand, the animal matter contained in bone 
can be removed by exposing the bone to red heat for some 
time in a closed vessel; nothing will be left but a mass of 
white bone-earth which has the general form of the bone 
but is very brittle and easily reduced to powder. The 
average relative proportion of mineral and animal matter in 
bone is 66.7 per cent. of the former, to 33.3 per cent. of the 
latter. 

A point which is of importance in the study of the 
skeleton is the phenomenon termed ossification. Practically 
all bones are soft and flexible in the foetus and in the young; 
they are really cartilages and not true bones, but they 
gradually harden and become converted into bones. This 
transformation is regular; every long bone lik e femur 
or thigh bone or the humerus (bone of th <p er arm) 
originally cartilaginous begins to become Cine at three 
points, namely, at the middle and near ea d. It follows 
that at a certain period of development are really three 
distinct bones joined by the which are still 
cartilaginous. The epoch at whic ee points of ossifica- 
tion, as they are called, appear, the moment when the 
three partial bones will be joi into one are well deter- 
mined. In the human child@pese modifications have been 
studied so carefully tha aS possible, by inspection of a 
skeleton, to tell the a the child to whom it belonged. 
For instance, in the O rus, the joining of the inferior part 
with the middle o kes place at the age of 15 or 16, the 
junction of the ggiddle and the superior part at about 20. 
This fact is of Adyportance, since so long as the various parts 
of a given h are not joined, they may increase in length 


by BENY of the soft intermediate parts between the 
points oNẹentres of ossification. When the joining has 
finallyAccurred, a process which is generally completed at 


t of 20 to 25, no increase in the length of the bone 
isp 


ssible. 
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The bones in the skull present a somewhat similar 
phenomenon. In the young they are isolated, while later 
on they join together by a kind of an irregular dovetailing 
arrangement of extreme strength. It is easy to observe that 
in very young children there are, on the top of the head, two 
spots not protected by bones, and in which pulsation of the 
arteries of the brain can be seen or felt; these openings or 
fontanelles correspond to the parts where the bones will 
ultimately join, generally towards the end of the second year. 

Another point of interest lies in the fact that the 
marrow is capable of reforming new bone tissue. Not 
only does the marrow fill the central canal of long 
bones, but in flat and small bones it also exists in the 
form of a thin layer, between the periosteum and the bone 
itself. If a little fragment of marrow taken from a young 
animal is introduced under the skin, even far apart from 
the bone from which it has been taken, it will be found 
after a time to have been converted into a real bone. Even 
if a whole bone is removed, care being taken that the sur- 
rounding periosteum, together with the thin layer of marrow 
attached to it be respected, this marrow will reform the bone. 
There are many instances recorded of children whose tibia 
has been removed, and who can walk almost without a limp 
on the new tibia the marrow has re-formed. 


CHAPTEROMI. 
LIVING TISSUES—(Continued). MUSCULAR TISSUE. 


Muscular Tissue. 


From the brief account we have given of the work of 
the body regarded as a machine, it should be quite clear 
that, owing to the law of conservation of energy, no work 
can be produced without the expenditure of an equivalent 
amount of energy. Exactly as the work done by a steam 
engine is derived from the energy stored up in the coal or 
the fuel which serves to transform the water of the boiler 
into steam under pressure, in the same way, the active power 
of the human organism, i.e., the capacity of the living body 
to produce mechanical work, is due to the energy set free 
by the oxidation of the food products. The organs which 
produce total or partial movement of the body are of three 
different kinds, namely, (i.) cells exhibiting what we have 
already alluded to under the heading of amoeboid move- 
ments; (ii.) cilia; and (iii.) muscles. 

We have already mentioned the amceboid movements 
of the white corpuscles, and it is probable that similar 
movements are performed by many other cells in various 
parts of the body. The amount of movement g@Npich cells 
are capable is small, but, for all that, there reasons for 
thinking that such amoeboid movements ap ere import- 
ance in the economy of the body, as we see presently. 

The movements of the cilia in a ted epithelium are 
comparable to the amoeboid DOI ts just referred to. 
Each cilium may be regarded as the movable processes 
or pseudopodes of a white ie corpuscle, a ciliated cell 
differing from an amoeboid in that its contractile pro- 
cesses are permanent, hav Qiefinite shape and are localised 
in a particular part o , and that the movements of the 
processes, or cilia, N ormed regularly and always in the 
same way. The ents of the cilia are not controlled 
by the nervous s , the required energy being evidently 
dependent on the ife of the cell itself. 

From o {Present point of view, the above structures are 
comparatawehy unimportant, since the greater part of the 
mechan work of the body is mainly effected through the 
se § of the muscular tissue. The muscles, generally 
usg) the bones as levers, are the agents which produce 

vements. 
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Chief Property of the Muscular Tissue. 


The special property of the muscular tissue is the power 
| of contraction under an excitation or, as physiologists put it, 
| under a stimulus. If a man extends his arm and the upper 
| end of this limb is tightly grasped by another person, the 
| latter will feel a great soft mass which swells, hardens, and 
| becomes more prominent as the man bends his fore arm 
| towards the upper arm. On dissecting the limb, the part 
| which thus changes its configuration is found to be a mass 
| of red flesh sheathed in connective tissue. The sheath is 
| continued at each end into a tendon attached to the shoulder 

bone on one hand, and to the bones of the fore arm on the 
| other. The mass of flesh is the muscle called biceps, and 
this muscle has, like all other muscles, the power of chang- 
' ing its dimensions, i.e., of shortening and becoming thick 
| in proportion to its shortening, this power being exerted 
| under the influence of the will, as well as under other causes 
| termed stimuli. When the stimulus which has produced 
| the above change ceases to act, the muscle returns to its 
| original dimensions. This temporary change in the dimen- 
| sions of a muscle, this shortening and thickening, is spoken 

of as ‘‘contraction’’: the return to the original dimension 
| is termed ‘“‘ relaxation.” It is owing to this property that 
| muscular tissue becomes the great motor agent of the body. 


| Various Kinds of Muscles. 
The various kinds of muscles may Oe 
divided into two groups, according to the @hhner in which 
| they are fastened at their ends. The a majority of the 
muscles are, like the biceps (whi gh yas just been men- 
tioned), attached at both ends to rOy lid levers formed by 
the bones. It may happen tha one to which one end 
of the muscle is attached is abdglutély or relatively stationary, 
while that to which the othe{Qnd is attached is movable; in 
such cases, the attachmen@yo the stationary bone is termed 
the origin, that to the Hrable bone, the insertion of the 
muscle. Thus, the iff of the biceps is on the shoulder 
bone, the insertiond®ėòn the bones of the fore arm, namely, 
the humerus and thg ulna. 

Some muggles are not attached to solid levers or bones. 
For instangN nd as we shall see later on, the sphincter 
iris is of circular shape, and is disposed in 
the s of the iris, round the aperture called the pupil. 
Con N ion, i.e., shortening of this muscle, causes the 

means aperture to decrease in size. In a similar way 
mwvécular tissue is found in the wall of the heart cavities or 
i} Gee and the contraction of one of these muscles causes 
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the corresponding chamber to become smaller, thus forcing 
the blood contained in it to flow through the blood-vessel 
opening in that chamber. In the alimentary canal, the blood- 
vessels and in many other parts, similar muscles occur, the 
purpose of which is to propel the contents of these parts in 
a definite direction. The ciliary muscle, i.e., the muscle 
serving to adapt the dioptric power of the eye to the distance 
of the object that is being looked at, belongs to the same 
class, as we shall see later on. Five out of the six extra- 
ocular muscles which we shall study in detail at a later stage, 
have their origin on the periosteum of thé bones at the apex 
of the orbital cavity, and their insertions on the sclerotic 
coat. These muscles, together with the levator palpebrz 
superioris, which has its origin on the periosteum of the 
bones at the apex of the orbit and its insertion in the tarsal 
tissue of the upper lid, form, therefore, a transition between 
the two main kinds of muscles mentioned just now. 


Microscopic Structure of Muscles. 


On examining various muscles under the microscope we 
- find that they all consist of elongated elements termed mus- 
cular fibres. In those muscles the contraction of which is 
not under the influence of the will, the muscular fibres 
appear distinctly as elongated cells, i.e. „ they consist of 
minute elongated, spindle- shaped threads in the central part 
of which a nucleus is seen. The average Ea of these 
fibres is 50 microns, their width 6 microns. edsubstance 
of the fibre is longitudinally but not transy@tpAlly striated, 


and each fibre seems to have a delicate s » 0 The fibres 
are . collected together and united by, all quantity of 
cementing substance into bundles WD nded by connective 
tissue carrying nerves and loo yee els. Each fibre is 
capable of contracting, i.e., aoftening, and becoming at 
the same time thicker. Q 


control of the will, micros¢Oyfc examination shows that they 
are also made of fibr 
rounded by connect; 


In muscles the microg aich is moreor less under the 


d up together in bundles sur- 
SNissu carrying nerves and blood- 
vessels, but thes s differ from those of the previous 
kind. If we ex ea rater muscle like the biceps we 
find Sthat it <4 ontained in an external wrapping or 
perimysium Q>* a sheet of connective tissue, from the inner 
surface X ich partitions proceed and divide the space 
which i closes into a great number of longitudinally 


arran compartments ; ‘the muscular fibres themselves 
oe fon compartments, while the external sheath and 
partitions proceeding from it carry the blood-vessels 
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which thus surround the fibres without entering them, and 
also the motor nerves which at first lie in the sheath and the 
partitions but eventually enter the muscular fibres. The 
perymisium forms a complete envelope around the muscle; 
at each end it usually terminates in dense connective tissue 
or tendon which becomes continuous with the bone or the 
structure to which the muscle is attached. 

As the sheath of a muscle and its partitions are made 
of connective tissue, they may be destroyed by prolonged 
boiling, in fact, in ‘‘ meat boiled to rags,” we have muscles 
which have been treated in this way; the perymisium and 
its partitions are broken up, and the muscular fibres, little 
attacked by boiling water, are readily separated from each 
other. 

If a piece of muscle of a rabbit which has been boiled 
for several hours is placed in water and is teased out with 
needles, the muscular fibres are easily isolated. Under the 
microscope such a fibre is found to have a length of about 
30 to 40 mms. and a width of about 60 microns. It is a 
cylindrical or polygonal rod with tapering or bevelled ends, 
by which it adheres to similar fibres or to the tendon: 
terminating the muscle. 

A living muscular fibre of the voluntary variety appears 
as a pale transparent rod composed of a soft, flexible 
substance, transversely striped as if the clear glassy sub- 
stance were, at regular intervals, transformed, into ground 
glass: hence the name of striated applied to 

Thus, the various muscles may b 
logically into two great classes: the va 


striated muscles, the contraction of w is under the control 
of the will, and the involuntary nstriped or smooth 
muscles, the working of which ot under the control of 


the appearance of the fibre nstituting the muscles. A 


voluntary fibre appears yit an alternate dim and light 
cross Striation, and looks ero, as if it were made of thin 
discs of clear glass ground glass alternating with one 
another. An inv Neary fibre does not show any such 


transversal striafiofy but appears as a spindle-shaped elon- 
gated cell, t rface of which is smooth, or, faintly 


the will. The names of the > arieties are derived from 


striated in ngitudinal way. 

As , plain or smooth or involuntary muscles are 
never N to be attached to bones, but are associated with 
otherNy ues; such muscles occur in the walls of the 
alimgntary canal, of the blood-vessels, etc. Striated or 

ary muscles are, on the other hand, attached to bones 
least at one end. The only exception to the rule is 
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observed in the case of the muscles found in the walls of the 
heart chambers. Such muscles, though not under the control 
of the will, belong to the striated or striped variety. 


The Chemistry of Muscle. 


From a fresh muscle cooled down to keep it from under- 
going changes, and submitted to a great pressure, the con- 
tracted semi-fluid substance of the fibres can be squeezed 
out from the sheath of connective tissue, in the form of a 
viscid liquid termed muscle plasma, which remains liquid so 
long as it is adequately cooled, but which soon coagulates 
at ordinary temperatures, i.e., separates into a transparent 
muscle clot and a watery fluid or muscle serum. The muscle 
clot is mainly formed of proteid or nitrogenous substance 
termed myosin, and in the formation of myosin by the clot- 
ting of muscle-plasma, an acid termed sarcolactic acid is 
developed; the formation of this substance explains why 
the fluid, which, when first squeezed out was faintly alkaline, 
becomes distinctly acid. 

A similar clotting takes place in the muscles of the body 
at a longer or shorter time after death. The muscles become 
gradually less elastic, and set into hard, rigid masses which 
retain the form they possessed when the clotting began. 
Hence the limbs become fixed in the position in which death 
found them,.and the body passes into the condition termed 
‘rigor mortis’’ or ‘‘ death stiffening.’’ Att ame time 
the muscle, which was faintly alkaline or l in the 
living state, at least when at rest, becom istinctly acid 
when rigor mortis sets in. It may be reps that a similar 
though slighter acidity is developed in ing muscle when 
it contracts. A certain time after.xc#@9r mortis has set in, 
the coagulated matter liquifies an muscles pass into a 
loose, flabby condition, whig marks the beginning of 
putrefaction. Observation sħÑoWws that the sooner rigor 
mortis sets in the sooner iis over, and the later it com- 
mences the longer it 1 The greater the amount of 
muscular exertion and GArequent exhaustion before death, 


the sooner rigor ES sets in. 


The Mechanism o scular Contraction. 


By remo the muscle of the thigh (or gastrocnemius 
muscle) fr recently killed frog, whose tissues retain 
their HR longer than those of a warm-blooded animal, 
the livi uscular substance may be studied experimentally. 
The siscle is dissected out so as to be still attached to the 
e r thigh bone and the sciatic nerve, which goes to 

muscle, is isolated. Such a muscle with its attached 
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nerve is called a muscle-nerve preparation. On stretching 
the muscle it is found to be extensible and elastic: its 
elasticity is slight but perfect, that is to say, a small force 
will extend it, but it returns exactly to its original length 
when the force is removed. The elongation of a muscle is 
not proportional to the force applied to it, but diminishes 
as the force increases. The most important property of a 
living muscle is its power of shortening when acted upon 
by a stimulus, its volume or bulk remaining the same. 
Normally, a muscle contracts in response to a stimulus from 
the central nervous system, but other kinds of stimuli may be 
applied ; these may be mechanical (pricking or pinching), or 
chemical, or thermal, or electrical, and the stimulus may 
be applied to the nerve supplying the muscle or to the 


- muscular tissue itself. 


It should be observed that a healthy muscle, when at 
rest, is contracted to a small degree. This small amount 
of contraction, which is known as the tone of the muscle, is 
due to the influence of the nervous centres for, on cutting its 
nerve, the muscle becomes slightly longer. That the 
muscular fibres have in themselves the power of contraction 
is proved by the effect of a drug, called curare, which 
paralyses the motor nerves ending in muscles, whilst the 
muscular tissue still responds to direct stimulation. 

To study the phenomenon of muscular contraction, the 
graphic method is convenient (see fig. 2). Th muscle (M), 
prepared as stated above, is hung by one gs tendons, a 
string is attached to the other tendon ange ade to pass 
round a light pulley. A small wo 8 6 xed at the end 
of the string. It is clear that if t uscle shortens the 
pulley will turn in one direction, \Q-lengthens the pulley 
will turn in the opposite dire In order that a small 
rotation of the pulley in one yar the other may be made 
apparent, a light pointer OY fixed to it. Let us assume 
that when the muscle is afge8t the pointer is horizontal. As 
the muscle is no iongexaygter the influence of the animal’s 
will, an electric shag used as stimulus instead of the 
nervous impulse w , in normal conditions, constitutes the 
stimulus acting fp the muscle. For this purpose, the wires 
of an ales ery (B) are connected with a needle (N) 
inserted in WOmuscle, and with the portion (S) of sciatic 
nerve wagers the muscle. A Morse key (K) is placed 
in thesetestric circuit in order that a current of practically 
Se duration may be produced in it. When the 


cirewWt is closed for as short a time as possible, the following 
epi take place in the muscle: (a) the muscle becomes 
Odhorter and thicker, and therefore lifts the weight attached 
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i / Wo The gastrocnemius 

La y Ue Ua muscle (M) (i.e., the 
muscle of the thigh) 
of a frog, dissected 
away immediately 
after the animal is 
killed, is hung by a 
thread attached to 
its upper end; at the 
other end another 
fine thread is at- 
tached and carries a 
small weight (W). 
The lower thread is 
made to pass round 
a light pulley (P) at 
the centre of which a 
light pointer (A) is at- 
tached. The electric 
current generated by 
a cell (B) is made 
to pass through the 
muscle, the two ends 
of the conducting 
wire carrying needles 
(N) and (S) which 
are introduced into 
the. substance of 
the muscle. Alterna- 
tively, and if the 
nerve (the sciatic 
nerve) which supplies 
Fic, 2. MUSCLE-NERVE PREPARATION FOR THE the muscle has been 
STUDY OF THE MECHANISM OF AMUSCULAR CONTRACTION. preserved, the end 


N) of (the electric 
wire may be connected with it while the other end (S), fitte ve a needle, 
is introduced in the muscle substance as stated before, terrupting 
device, for instance a Morse key (K) serves to close or t&@/gpen the electric 
circuit at will. Every time the circuit is closed or is >d again, the effect 
on the muscle, i.e., its contraction or shortening, is sl by a rotation of the 
end of the pointer (A). The return of the muscle Ke normal state of rest 
is shown by the pointer resuming its original ion. 

The movements of the pointer (A) ar ie on a revolving drum 
covered by a sheet of paper coated with la z. To record short intervals 
of time a tuning fork, the vibrations of «Wich are produced by an electrical 
device, has a fine platinum wire attache the end of one prong. A given 
tuning fork when vibrating perfomgs definite and fixed number of 
vibrations per second, say 100 fo O sake of argument, this number of 
vibrations corresponding to the Q the sound produced when the fork 
is excited. It follows that i e wire which vibrates with the prong 
to which it is attached is PN uching the revolving drum, the oscillation 
will be recorded on the 5 of the drum in the form of a regular wavy 
line, the intervals betwen J particular crest of this wavy line and the next 
one corresponding to thésfuration of a complete vibration of the fork and 
therefore representin@Ggn interval of time equal to 1/1ooth of a second in 
the case of the t fork we have mentioned. Should’ we use a tuning 
fork giving a s corresponding to 200 or to 500 vibrations per second, 
we would hat, Nrraphic record of intervals of time equal to 1/200th and 


same r ding sheet the wavy line which represents intervals of time of 
ey a second, together with the curve drawn by the movements of 
the, pòifter (A) when the muscle contracts or relaxes. These curves. are 
as in FIG. 3. 


1/500th o nd 
By 4 er mechanical arrangement, it is possible to obtain on the 


D 


34 MUSCULAR CONTRACTIONS 


to it and causes the pulley to turn so that the pointer moves 
upwards. This effect is extremely brief, and is followed by 
the return to the normal condition which is shown by the 
pointer assuming again its horizontal position; (b) at the 
same time as the above changes are produced, chemical, 
calorific and electrical phenomena occur, carbonic acid gas 
is given off by a working muscle and a certain amount of 
sarcolactic acid is produced within the substance of the 
muscle. The muscle becomes slightly warmer, and, at the 
moment contraction begins, it acts as a small electric battery. 
In order to study the mechanism of the muscular 
contraction more accurately, a drum covered with lamp- 
black is made to revolve at a definite rate by means 
of a clock-work, and the end of the pointer is just touching 
its surface. When the drum is moving and the muscle 
quiet, the pointer traces a white horizontal line on the lamp- 
black surface. When the pointer rises or becomes lowered 
again, its movements are faithfully registered on the drum. 
We give (fig. 3) a diagram illustrating a single mus- 
cular contraction. The small curve at the bottom is traced 
by the vibrations of a small thread attached to one of the 
Fic. 3 (after Waller) 
is the diagram of the 
muscular contraction 
obtained by means of 
the apparatus shown 
in Fic. 2. The lower 
part of the figure 
represents the inter- 
vals of time recorded 
by a tuning fork É 
vibrating at the rate roo 
of 100 oscillations per 
second. 


The upper part is the graph of t Kunar contraction itself. The 
point marked 1 on the curve m the Be e exact moment the electric 


circuit is closed. It is seen from the Magram that the muscle does not begin 
to alter its length for a little while Cy the circuit is closed, the shortening 
of the muscle begins at the point apaMed 2, so that the latent period extends 
over a period of 1/1ooth of a s The muscle then shortens and reaches 
the condition shown by 3 wya@Dycorresponds to the maximum contraction ; 
the interval between 2 an, ed on the lower or time curve thus amounts 
to 4/1ooths and the intg etween 3 and 4, i.e., the period of relaxation, 
is 5/rooths of a sec 


g fork, the rate of vibration of which is 

Therefore, each of the indentations of the 

onds to a single vibration and represents a 

ime of 1/1ooth of a second. 

examination of the curve shows that the contraction 

gaiss of three phases: (1) a phase termed the latent 
idd during which no apparent change takes place in the 


prongs of a 

+ 
100 per seç 
curve ¢ 


SRE This interval represents the time necessary for the 
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electrical impulse to be propagated along the nerve and for 
the preparatory change in the muscle itself. It becomes 
longer as the muscle is fatigued. (2) A phase of shortening 
or contraction during which the pointer rises. The height 
of contraction diminishes as the muscle tires, though the 
length of the period remains the same. (3) A phase of 
relaxation or return to the original length, during which the 
pointer falls into its normal position. This period becomes 
longer as the muscle tires. 

The diagram shows that in the case of a fresh muscle 
the latent period occupies about 1/100th of a second, the 
phase of contraction 4/1ooths, and the phase of relaxation 
5/10oths. A single muscular twitch or a single muscular 
contraction is thus completed in about 10/100ths, or 1/1oth 
of a second, but, as already stated, the time varies since, in 
a fatigued muscle, both the latent period and the period of 
relaxation are lengthened. These figures apply to a volun- 
tary or striped muscle. As a rule, the contraction of a 
smooth or involuntary muscle is characterised by the fact 
that the latent period, i.e., the passage from the state of 
rest to the active state, takes a longer time (from 4/r1oths to 
8/1oths of a second) than in the case of a voluntary muscle. 
The period of contraction also lasts longer (sometimes several 
seconds) and the period of relaxation lasts even longer than 


the period of contraction. For this reason, voluntary 
muscles are often termed quick-acting, and Apluntary, 
slow-acting muscles. eo 


Tetanic Contraction of Muscles. 


In the experiment described just now@ is evidently easy 
to stimulate a muscle twice in such sagf¥“succession that the 
second stimulus is given while tl ) 
period of contraction resulting f the first. In this case, 
the muscle responds to the seco{@8timulus as well as to the 
first; in other words, it con@cts still more while already 


contracted. The second action takes place on top of 
the first, is rather less i ount than the first, and is added 
on to the first. If no apidly successive series of stimuli 


be applied, the mu€clgtesponds by an equally rapid series 
of contractions, gach of which takes place before the pre- 
ceding one is ox®{” The whole series is thus added together 
and the mus mains in a state of continued contraction as 
long as Ro are continued until exhaustion sets in. A 
prolonge ntraction made up of such a series of single 
contragijons super-added to each other, is called a tetanic 
cogtragiidn, and a muscle in this state is said to be in a 
comtition of tetanus or cramp or spasm. 
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Tetanus may occur as the result of disease (lockjaw), or 
may be produced by poisons like strychnine, or again it may 
result from overwork, as is the case in spasm of the ciliary 
muscle. A good instance of a clear case of tetanus is seen 
when a person takes hold of the handles of an induction 
coil in action. Cramp or tetanus is produced in the muscles 
of the fingers and the hands by the rapidly repeated contrac- 
tions, and the subject cannot let go the handles until the 
current working the coil is cut off. 

An exhausted or fatigued muscle cannot act owing to 
the accumulation of waste products, especially sarcolactic 
acid; if left to rest it may recover, the circulating blood 
bringing fresh nourishment and carrying off the accumulated 
waste products. 

The voluntary contractions by which we perform the 
various movements of our body are in reality tetanic con- 
tractions, however short they may appear to be. Thus, 
when we contract one of our muscles by an effort of the will, 
it appears that a series of impulses is sent out in rapid 
succession from the nervous centres at the rate of twelve or 
more in a second, to throw the muscle into prolonged con- 
traction. In this way, our control of the resulting move- 
ments is far greater than it would be if we were only able 
to execute a single, short and sudden contraction such as 
results from sending a single impulse along the nerve going 
to the muscle. 


Irritability of Muscles. gs 


To sum up, the power of conton or irritability 


is the property of muscles to cont under the action of 
certain causes termed stimuli ly. Stimuli may be 
classified into mechanical sti as pinching or pricking), 


thermal stimuli (applicatior heat causing a change of 
temperature), luminous sS ih due to the action of light, 
as we shall see more f n dealing with the contraction of 
the pupil, electrical ypmDli (due to the action of an electric 
current), and chen Stimuli (due tothe actionof some irritat- 
ing substance) natural stimulus of muscles is, however, 
in the greater, nber of cases, the nervous impulse originat- 
ing in the’@in centres and carried to the muscle by a 
nerve KA as a mere conductor of such impulses. This 


nerva ùpulse is often voluntary, but it generally acts on 
stria muscles with the exception of the muscles located 
innķe walls of the heart. Smooth muscles act independently 


à tHe will, though under the control of the nervous system, 


s we shall see later on. 


MUSCULAR CONTRACTIONS . 37 


We have pointed out that electric currents are used 
to study the mechanism of the muscular contraction. <A 
direct current like that supplied by an ordinary battery 
determines a contraction immediately the circuit is closed, 
and again when it is opened, the muscle remaining at rest 
during the passage of the current. 

With alternating currents of comparatively low 
frequency, or with direct currents interrupted at short 
intervals, the muscular contractions take place at such a quick 
rate that the muscle has no time to relax between two succes- 
sive electric shocks; it remains permanently contracted, i.e., it 
assumes the state we have described as tetanus. This occurs 
when the frequency of the alternating current reaches a 
value of twenty-five to thirty alternations per second, or when 
the circuit of a direct current is alternately closed and opened 
at about the same rate. Industrial alternating currents of 
high voltage, with a frequency of about 100 per second, are 
generally fatal to human life because they cause a general 
tetanus of all muscles including those of the heart and those 
of the diaphragm. High frequency currents have different 
effects. Such currents are produced by the discharge of 
Leyden jars or by some similar device. The frequency may 
reach a degree of several millions per second, and such 
currents amount to electric vibrations comparable to light 
vibrations. A subject placed in a coil in which such currents 
travel does not experience any painful sensations, tend shows 
no muscular contraction. Yet his muscles arog n a state 
of vibratory movement. D’Arsonval has fou€@yYhat muscles 
enter into contraction only if the pees the current is 


less than 5,000 per second. 
High frequency currents have, et a marked effect 
on the organism; they determine tivity of the oxida- 


tion of the tissue and of the oa poe nutrition. The 
amount of carbonic acid gas ey Se increases, the tem- 
perature of the body is raisegPand the subject experiences a 
loss of weight, on greater production of urea 


and uric acid as a co ce of the greater waste of the 
tissues. At the wand e, they determine an important 
dilation of the bl essels by ‘direct action on the vaso- 
motor nervous ce ; the result is a diminution of as much 
as 5 or 6 cm Sanne in the blood pressure. Such 
currents are frequently used for the treatment of arterio- 


sclerosis affection consisting in a hardening and 
consequeNs oss of elasticity of the walls of the arteries, 


og its turn may lead to an arterial hypertension liable 
e cerebral hemorrhage. 
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CHAPTER IV: 


LIVING TISSUES—(Continued). NERVOUS TISSUE. GENERAL 
ARRANGEMENT OF THE NERVOUS SYSTEM. 


Nervous Tissue. 


The nervous system, whose function is to guide, 
regulate, harmonise and co-ordinate the working of the 
various organs of the body, and also to preside to the per- 
ception of sensations or feelings and to the intellectual 
faculties, consists mainly of (a) masses of nervous matter 
situated in the bony cavity of the skull and in the central 
canal of the vertebral column, these masses forming what 
is called the nervous centres or the cerebro-spinal system ; 
(b) cords of nervous matter or nerves, extending from the 
nervous centres to practically all parts of the body; (c) 
smaller masses of nervous matter termed ganglia which lie 
along the nerves situated in the neck, the thorax and the 
ábdomen, and form the so-called sympathetic system. 

The cerebro-spinal system consists of the portion of the 
nervous centres located in the skull, namely, the brain or 
encephalum, which is divided into the cerebrum or large 
brain and the cerebellum or small brain. The portion of 
the cerebro-spinal system lodged in the canal ofthe vertebral 
column is the spinal cord, which is united the brain by 


the bulb or medulla oblongata. 

The brain, together with the pe pairs of nerves 
which emerge from it (cranial nek es) will be examined 
presently. Passing out from t nal cord are thirty-one 
pairs of nerves, termed spina e$, which are distributed 
to all parts of the body, esp ly the muscles and the skin. 

The sympathetic syşşn consists, in the main, of a 
double chain of small s ngs or ganglia, on each side of 
the front of the vert lumn, connected with each other 
and with the spi Ne Cords, termed sympathetic 
nerves, pass Aw) ese ganglia to the viscera (i.e., to the 
internal organs) “to various glands, and to the walls of the 
blood vessels These nerves on their way to the viscera 
sometimes@pite with each other to form interlacing networks 
or plegysgs) on many of which collateral ganglia are found. 
(The Son Viscera is the plural of Viscus, a Latin word 
derding any one of the organs contained within one of the 

e’great cavities of the body, the cranium, the thorax, and 


XQ 
Oye abdomen.) 
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The sympathetic system is not really an independent 
system, aS was once supposed, for we now know that its 
ganglia have distinct relations to certain fibres which leave 
the spinal cord, and that its nerves, which are closely con- 
nected and freely intermix with spinal nerves, are under the 
control of some part of the cerebro-spinal system. 


Anatomical Elements of the Nervous Tissue. Nerve Fibres and 
Nerve Cells. 


The microscope shows that the nervous tissue generally 
consists of two structural elements, namely, nervous fibres 
and nervous cells. The fibres are mostly found in the 
nervous cords, and also in some parts of the brain and spinal 
cord; the cells are especially found in the cerebro-spinal 
centres and the ganglia of the sympathetic system although 
some are present at the terminations of the nerves of special 
senses. 

A nerve is a whitish cord which is found by dissection 
and by microscopic examination to be made of bundles of 
nerve fibres running side by side, bound together and 
enclosed by a sheath of connective tissue. In small nerves 
we may find a single bundle (or funiculus) of fibres in a 
tubular covering, but, in larger nerves, several similar 
bundles (or funiculi) are united by a common covering of 
connective tissue. This common sheath, formed of white 
and elastic fibres, gives off partitions or septa Wich pass 
between the bundles of nerve fibres and sut er? the fine 
blood-vessels distributed to the nerve. 

Nervous fibres may be divided into Q&© main groups, 
namely, medullated and non-medullate ve fibres. Medul- 
lated fibres, examined in the fres Ne , appear as glassy 
threads, but when treated with ce eagents each one is 
found to consist of a central pa or axis-cylinder, which is 
continuous from its origin to )énd, and shows a fibrillar 
structure under high powe@y The axis-cylinder is sur- 
rounded by a sheath of Oye substance, or myeline, or 
Schwann’s sheath, whaX& fot continuous, but shows gaps 
known as the ‘‘ no Ranvier.” The myeline sheath is 
of fatty nature and sains dark with osmic acid. It is itself 
surrounded by ¢the outside envelope of the fibre or 
neurilemma, w A is continuous, but dips down at the nodes 
of Ranvier. e axis-cylinder is the conducting and impor- 
tant par e nerve fibre, and, as we shall see presently, it 
s at one end with one of the processes of a nerve 


. 


is cont 

cell, A the central and peripheral ends of a fibre, the 
We sheath and the outside neurilemma disappear, but 

Ois tinder persists. 


Medullated nerve fibres or, as 


40 NERVOUS TISSUE 


they are often termed, white nerve fibres, form the white 
part of the brain and spinal cord and the greater part of 
the nerves. They vary in size even in the same part of 
the nervous system, and more so in different parts, the larger 
being 17 microns in diameter, the smaller only 2 microns. 
The structure of a typical nerve fibre is shown in fig. 4. 
Non-medullated nerve fibres, or grey fibres, occur chiefly in 
branches from the sympathetic ganglia, though they are also 
found, to some extent, in the nerves of the cerebro-spinal 
system. They are transparent and soft, and are deprived 
of a sheath. Many of these fibres branch and unite with 
neighbouring fibres in their course to form a network, a 
peculiarity which is never present in medullated fibres. 
Nerve cells are found in the grey matter of the brain 
and of the spinal cord, in the sympathetic ganglia, and in 


WEG Aei AEO 
ILLUSTRATE THE 
STRUCTURE OF 
THE NERVE FIBRES 
(after Huxley). (A) 
is a nerve fibre as 
it appears under 
the microscope 
with a magnifica- 
tion of 300 diame- 
ters and without 
the use of any re- 
agent. It shows 
the “double con- 
tour” due to the 
medullar sheath 
and (n) is one of 
the nodes of Ran- 
vier. (B)is a thin 
nerve fibre viewed 
under a magnifi- 
cation of 400 dia- 
meters after it has 
been treated with 
osmic acid. The 
nucleus (nc) with 


the protoplasm (p) 

surrounding the 

fibre beneath the neuri are distinctly seen together with the nodes 
(n, n) which limit the_s t of the fibre to which the nucleus belongs. 


small ganglia_fSeid on the course of some nerves. They 
are micros bodies of various shapes and sizes in 
different RQS of the nervous system. They give off pro- 
cesses Nies, and may be unipolar (i.e., with one single 
pole rocess), or bipolar or multipolar. A typical nerve 
cel \f the multipolar variety, as found in the grey substance 

spinal cord, appears under the microscope as a 
Qpucleated mass of protoplasm having numerous branching 


AD 
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processes (or dendrons or dendrites) mostly ending as fine 
twigs and one process, known as the axon, which does not 
branch and is continuous with the axis-cylinder of a nerve 
mordan O e) 

Each nerve cell, with all its processes, i.e., its dendrites 
and its axon (which is continued into a nerve fibre), con- 
stitutes an independent structure, and has been called a 
neuron. Modern researches support the view that the whole 
of the nervous system is a collection of neurons, each of 
which represents an elementary organism in itself, and is 
connected with others, not by anastomosis or by structural 
continuity, but by simple contact or contiguity. 

The cells and fibres constituting the essential parts of 
the nervous centres are supported by a modified connective 
tissue termed neuroglia (or nerve-glue). It is composed of 


FIG. 5. DIAGRAM OF A 
TYPICAL NERVE CELL (FROM THE 
GREY MATTER OF THE SPINAL 
CORD). (Sherrington.) (n) is 
the nucleus, (d, d, d) branched 
dendrites; (p) cellular pigment; 
(c) is the cell body, mainly made 
of a variety of protoplasm which 
stains very readily; (a) is the 
axon or cylinder-axis which does 
not branch like the dendritic 
processes; it s mÅ pcauires a 
medullar shea and (outside 
the cord) rilemma. (A) 
represent dendritic pro- 
cesses f a neighbouring cell, 
interl with but not joined 

9 Q e dendrites of the cell 
Fie: -5. O) in the diagram. 


cells with numerous fibre-like @)ocesses which fill up the 
interstices of the true nervougglements, namely, fibres and 
cells. Further support is Qen (1) by ramifications of the 


ciliated epithelium OÑ etentral canal of the spinal cord 
Ta 


and the cavities (or ricles) of the brain which com- 
municate with dedy | canal of the spinal cord; (2) by 
the connective tissuť of the brain and spinal cord (or pia 
mater) which ne in delicate partitions carrying the blood- 
vessels whic necessary to insure the life of the nervous 
tissue. S 

WINA he chief function of a nerve fibre is to conduct 
nervowQd impulses, nerve cells may not only conduct and 
tr Nr impulses, but they may modify or even originate 
nots impulses of various kinds. 
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Classification of Nerve Fibres. Various Kinds of Nerves. 


According to their function, nerves and nerve fibres are 
classified into: (a) afferent or centripetal, and (b) efferent or 
centrifugal. Nerve fibres which convey impulses from a 
nervous centre to some part of the body are efferent or centri- 
fugal fibres, while fibres which convey impulses to a nervous 
centre from some part of the body are afferent or centripetal. 
The term motor is sometimes used instead of efferent because 
many of the impulses conveyed from the nervous centres to 
the peripheral organs of the body determine the contraction 
of a muscle, i.e., production of movement. Likewise, the 
term sensory is often used instead of afferent because an 
impulse sent to the nervous centres from a peripheral organ 
gives rise to a sensation. However, the terms afferent and 
efferent are much more satisfactory, since efferent fibres do 
not necessarily end in a muscle; they may, for instance, end 
in a gland, in which case an impulse conveyed from the 
nervous centre will evoke the secretion of that gland. Again, 
impulses passing along fibres from the periphery to the 
nerve centres do not necessarily give rise to sensation, but 
may, as we shall see presently, cause the production of a 
reflex action. 

The various nerves of the body are often classified into 
somatic and splanchnic nerves. Somatic nerves (from the 
Greek soma, body) are nerves which supply such body- 
structures as the muscles, bones, skin, .€tc., whereas 
splanchnic nerves (from the Greek planai viscéra) are 
distributed to the viscera, heart, lungs, ali@ientary canal, etc. 
Broadly speaking, somatic nerves pro directly from the 
nervous centres to the structures xO serve to innervate, 
while the viscera are supplied rve fibres which leave 
the spinal cord in the form of n{ed)iNated fibres, run forwards 
into the ganglia of the sympathetic system, where they lose 
their sheaths and whence th&y issue as non-medullated fibres. 


The Nervous System Gen 4) 
The afferent Very) and the efferent (or motor) 
nerves, and the al organs (cerebrum, spinal cord and 
sympathetic g@mg¥fa), constitute the greater part of the 
nervous syst fhich, with its function of innervation, we 
must now $ ay a little more closely and as a whole. 
ebrum and the spinal cord lie in the cavity of 
nd central canal of the vertebral column, the bony 
which are lined by a tough fibrous membrane serv- 
ing\as the periosteum of the component bones, and called the 
mater. This membrane is made of a thick layer of 
Odensely woven fibres of connective tissue with which a small 
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amount of elastic tissue is mixed. The cerebrum and the 
spinal cord themselves are closely invested by a very vascular 
membrane of fibrous connective tissue called the pia mater, 
which carries the numerous blood-vessels supplying the 
nervous substance. Between the dura mater and the pia 
mater lies another delicate membrane called the arachnoid. 
The three membranes are connected with each other at various 
points, and the arachnoid, which is not only delicate but also 
less regular than the other two, divides the space between the 
dura mater and the pia mater into two spaces containing a 
fluid and lined by a delicate epithelium. The space between 
the dura mater and the arachnoid is termed the subdural 
space; the space between the arachnoid and the pia mater 
is the sub-arachnoid space. The fluid contained in the above 
spaces is termed cerebro-spinal fluid; it resembles ordinary 
lymph, but it does not clot as true lymph does. 


Spinal Cord and Spinal Nerves. 


The spinal cord is the mass of nervous matter contained 
in the spinal canal which is formed by the superimposed 
rings of the vertebrz. It is 42 to 45 cms. long, a little less 
than 2 cms. in diameter, and reaches from the margin of the 
circular opening in the occipital bone (foramen magnum) 
to the first lumbar vertebra, where it ends in a slender thread, 
the filum terminale or terminal thread, which lies among a 
mass of nerve roots termed the horse-tail or caugA equina. 
At its upper end, the spinal cord is continued i the bulb, 
or medulla oblongata, which lies within th ‘ity of the 
cranium. 

Passing out of the cord at intervals wQach side are the 
thirty-one pairs of spinal nerves, tl + pair coming off 
between the skull and the first oe or atlas, the next 


pair between the atlas and the Second vertebra or axis, 
and so on. 


The spinal nerves leav Qe bony canal by apertures 
between the vertebræ (i ebral foramina) and are dis- 
tributed to the muscles the skin generally. The lower 
pairs come off close er from the lower end of the cord, 
and pass downwardsNw# the cauda equina to be distributed to 
the lower limbs. 


The Roe the cord is not uniform throughout, 


being mar. y two enlargements, the upper one being in 


the cervic gion, the lower one in the lumbar region. Two 
fissuressAin along the length of the cord and separate it into 
a ng da a. half. The anterior median fissure is wider . 


bu 


t so deep as the posterior median fissure. (See fig. 6.) 
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Each spinal nerve originates from the cord by two roots, 
and consequently there are twice as many roots as there are 
spinal nerves. After their exit from the spinal canal the two 
roots join together to form the main trunk of the nerve, but 
before doing so, the posterior root presents an enlargement 
called the ganglion of the posterior root. 

A transversal section of the spinal cord shows that it is 
made of two substances, a white matter on the outside, which 
gives the cord its white, opaque appearance, and a greyish 
red matter in the interior. This grey matter, as it is called, 
is so arranged that in a transversal section it looks, in each 


G26; 


Fic. 6. DIAGRAMMATIC SECTION OF THE senha vor AND ROOTS OF THE 
SPINAL NERVES. The shaded portion of the (dẸŲgram represents the grey 
matter which occupies the central part and {&\$trrounded by white matter. 
The cord is divided into two symmetricgénti kles by a medial antero-posterior 
fissure made of two parts, namely (1) tHe pQsterior fissure (B) which is narrow 
and extends deeply up to the “3 Ofrey matter (or grey commissure) 


which connects the grey matter o two lateral halves of the cord. (In 
the diagram, the posterior fissure does not extend, as it should, as far 
as the grey commissure.) Th tral canal of the spinal cord is shown at 
(R), occupying the middle o grey commissure: (2) the anterior fissure 
(A) which is wider and les than the posterior one. It does not extend, 
like the latter, as far a rey commissure but ends at a bridge of white 
matter (the white co re) which connects the right and the left portion 
of the white mattgfo e cord. 

Note the cres c appearance of the grey matter in each lateral half 
of the cord; , nd (D) represent the posterior and anterior horns of the 
grey matter O eft half, while (H) and (C) are the similar parts in the other 


half. The crescents are united by the grey matter we have alluded to 
under acing of grey commissure. - 
| e grey matter of the anterior horn on each side, nervous fibres 
| pass oWand constitute the anterior root (N) of a spinal nerve. From the 
gr natter of the posterior horn nervous fibres proceed to form the posterior 


| y K) of the nerve. The two roots join together to form the trunk (P) 
| ofa spinal nerve. Note the swelling or ganglion (M) on the path of the 
| posterior root. 
| 
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half, somewhat like a crescent with one end bigger than the 
other, and with the concave side turned inwards. (See fig. 
6.) The two ends of each crescent are called its horns or 
cornua, the one directed forwards being the anterior horn or 
anterior cornu, the one directed backwards, the posterior 
horn or posterior cornu. The convex sides of the crescents 
of the grey matter approach one another and are joined by 
a bridge of the same matter, which contains the central canal 
of the cord, and is called the grey commissure. The grey 
commissure is separated from the inner end of the anterior 
fissure by a thin bridge of white matter which forms what 
is called the white commissure. 

As already pointed out, there is a fundamental differ- 
ence in the structure of the grey and white matter. The 
white matter consists almost entirely of nerve fibres, sup- 
ported in a delicate framework of neuroglia, and accompanied 
by blood-vessels. Most of these fibres run lengthways in 
the cord, and consequently in a transversal section, the white 
matter is really composed of a multitude of the cut ends of 
these fibres. The grey matter, on the other hand, contains, 
in addition, a number of nerve cells, some of which are of 
considerable size (as much as 100 microns, i.e., 1-10th of a 
millimeter, in the anterior horn of the cord). Nervous cells 
are wholly, or almost wholly, absent in the white matter. 
Many of the nerve fibres contained in the anterior root of a 
special nerve can be traced to the nerve cells of a, Wesson 
horn, while those of the posterior root, for then st part, 
pass towards the posterior horn. & 

We have alluded just now to the ganghon or swelling 
found on the posterior root of each sp" nerve. Micro- 
scopic examination shows that this ge Yon consists of an 
external sheath of connective tissue((wħ®h encloses a group 
of large nerve cells, generally pear$ghaped and unipolar. The 
nerve fibres which enter the distaQnd of the ganglion divide, 
one branch becoming attache ,to the process of one of the 
cells of the ganglion, the r one continuing its way to 
pass on into the grey r of the posterior horn. Thus 
the fibres of the postegN* root of a spinal nerve, instead of 


passing directly in@ j e grey matter of the cord as is the 
case for those aN anterior root, present a T-shaped 
arrangement, t rve cells of the ganglion appearing to be 
lateral appengdgets of the nerve fibres. 

The Func N the Two Roots of a Spinal Nerve. 


Ifthe trunk of a spinal nerve be irritated in any way, 
as D nching, cutting, galvanising, or applying a hot 
es or a proper chemical reagent, two things happen: (1) 
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all the muscles to which filaments of the nerve are dis- 
tributed contract, and (2) pain is felt, the pain being referred 
to that part of the skin to which the fibres of the nerve are 
distributed. In other words, the effect of irritating the trunk 
of a nerve is the same as that of irritating its component 
fibres at their terminations. The effects just described will 
follow upon irritation of any part of the branches of the 
nerve, except that when a single branch is irritated the only 
muscles affected, and the only region of the skin to which 
pain is referred, will be those to which that particular branch 
| sends nerve fibres. And these effects will follow upon irrita- 
tion of any part of a nerve, from its smallest branches up to 
the point of its trunk where the anterior and posterior roots 
| unite with each other. 

| If the anterior root only is irritated in the same way, 
| only half the previous effects are brought about, i.e., all the 
muscles to which the nerve is distributed contract, but no 
pain is felt. 

Again, if the posterior root be irritated, only half the 
| effect of irritating the whole trunk is produced, only it is 
the other half; that is to say, none of the muscles to which 
the nerve is distributed contracts, but pain is felt and is 
| _ referred to the whole area of skin to which the fibres of the 
nerve are distributed. 

These facts show clearly that all the power of causing 
muscular contraction which a spinal RA is 
lodged in the fibres which compose the rðr root, and 
all the power of giving rise to sensatigg@yin those of the 
posterior root. The same conclusion be arrived at ina 
) different way. If, in a living anin@ the anterior root of 
| 


| a spinal nerve be cut, the anO oses control over the 

muscles to which the nerve is dis)uted, though the sensi- 
bility of the region of the S supplied by the nerve ís 
perfect. If the posterior ro cut sensation is lost, though 
the power of voluntary vement remains. If both roots 
be cut, neither sensibi nor voluntary movement is any 
longer possessed RNG art supplied by the, nerve. The 
muscles are said e paralysed, and the skin may be cut 
or burnt witho@t phy sensation being excited. 

H: Wego. roots are severed, that end of the anterior 
root which Serhains connected with the trunk of the nerve 
be ge the muscles contract, while if the other end be 
so tr We , no apparent effect results. On the other hand, 
if ENa of the posterior root connected with the trunk of 


t erve be irritated, no apparent effect is produced, while 
He end connected with the cord be irritated, pain imme- 
Odiately follows. When no apparent effect follows upon 
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irritation of any nerve, it is not probable that the molecules 
of the nerve remain unchanged. On the contrary, it seems 
that the same change occurs in all cases, but an efferent or 
motor nerve is connected with nothing that can make that 
change apparent save a muscle or a secreting gland, and an 
afferent or sensory nerve with nothing that can show an 
effect but the central nervous system. 


Degeneration of a Spinal Nerve. 


We have pointed out that a fibre of the anterior root of 
a spinal nerve is really the prolongation of the axon of a 
nerve cell in the anterior horn of the grey matter of the 
spinal cord, and it is not astonishing to find that the con- 
tinued life of any efferent (or motor) fibre is dependent upon 
the continuance of its connection with the cell from which 
it arises. The proof of this dependence is afforded by cut- 
ting an efferent nerve and preventing the cut ends from 
reuniting. It is found that shortly after the operation, those 
parts of the nerve whose connection with the spinal cord has 
been severed (i.e., the peripheral portion of the nerve) 
undergo what is termed degeneration. This degeneration 
shows itself by structural changes in the nerve fibres. The 
medulla or Schwann’s sheath breaks up into oily drops 
which are absorbed into the surrounding tissues and 
ultimately disappear. The axis-cylinder also breaks up into 
pieces, which are likewise absorbed, and all that ig left is a 
sort of skeleton fibre made of the primitiv ath or 
neurilemma with the septa or partitions origi g from it. 
While these structural changes take place, even before 
they become obvious, the irritability o nerve becomes 
gradually less, so that soon the nerve S no response to 
any stimulus which may be ap {0 it, Complete 
degeneration of a severed nerve qakes about ten or twelve 
days. Degeneration of a nerve r section is often called, 
from its discoverer, Walleriansdefeneration. 

It must be clearly un ood that in the case of an 
efferent (or motor) ner eneration does not occur in 
the part of the nerve w Wy is still connected with the spinal 
cord (central part), (figs¢hanges which characterise the pro- 
cess of degenerati ing restricted to the peripheral portion 
of the nerve, i. Do the portion which is no longer con- 
nected with t Q pinal cord. 

If A e method of experiment is applied to the 


posterior of a spinal nerve, the results are somewhat 
and OY f the root is cut at a point between the ganglion 
unction of the anterior and- posterior ròot, the 

Aa fibres degenerate from the point of section to the 


RA 
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end of the various branches of the nerve, but if the section 
is made between the spinal cord and the ganglion, then the 
part of the root which lies between the section and the cord 
degenerates, whereas the portion still connected with the 
ganglion does not. This shows that whilst the life of the 
nervous fibres of the anterior root (efferent or motor fibres) 
depends upon their connection with the cells of the grey 
matter of the spinal cord, the life of the fibres of the posterior 
root (afferent or sensory fibres) depends upon their connec- 
tion with the ganglion of that root. In other words, the 
function of the ganglion of the posterior root is to provide 
for the nutrition of these afferent nerve fibres, which may 
be regarded as originating from the nerve cells of the 
ganglion. 

The result of the above experiment is shown diagram- 
matically in fig 7, in each part of which K represents 
the posterior root of a spinal nerve with the ganglion M; 
N is the anterior root, and P the trunk of the nerve. The 
section is shown at S, and the degeneration is indicated by 
shaded lines. In the first part of the diagram the section 
involves the whole of the trunk of the nerve and all the 
afferent and efferent fibres of the portion of the nerve 
separated from the cord degenerate, the degeneration extend- 
ing gradually from the point of section towards the periphery 
of the body. In the second part of the diagram, in which 
the anterior root is cut at S, there is a simila Me > 
which is, however, restricted to the portion JJe root which 
is no longer connected with the cord, a@jWhich gradually 
extends to the motor fibres only of t nk of the nerve. 
In the third part of the diagram t tion is made on the 
posterior root in the portion een the ganglion M 
and the trunk of the nerve. sult is similar to that of 
the previous case, except th degeneration involves the 
part of the posterior root w is no longer connected with 
the ganglion and to th erent fibres of the trunk of the 
nerve. In the fourth of the diagram, the section of the 
posterior root is at tween the cord and the ganglion; 
the poor ev to the portion of the root 
separated fro ganglion, and extends from S towards 
the cord. 

This ger method for the determination and the 
it 


localisat he nutritional centres from which nerve fibres 
origi Os known as the ‘‘ degeneration method ’’ or the 
rian method.’’ It has proved most useful in deter- 


nadine the various tracts or paths in the spinal cord and the 
in, along which nervous impulses of various kinds pass, 
Os we shall see later on. 
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It will be observed that in the experiment referred to 
just now, there is evidence that when a nerve is irritated, 
there is a something that is propagated along the nerve 
fibres; this something, which is spoken of as a nervous 
impulse, probably consists of a change in the arrangement 


FIG. -7. 


Fig. 7. ILLUSTRATING THE WALLERIAN feng IN OF THE ROOTS OF 
i SPINAL NERVES. In all the four parts of the figuge represents the pos- 
terior root of a spinal nerve with its ganglion M) Ñ O the motor root and 
(P) the trunk of the nerve. The first part of thes am shows the degenera- 
tion of the afferent and efferent fibres of the | e herve following a ‘section 
of the trunk of the nerve at the point (S). Sane egeneration, which is shown 
by the shaded part of the figure, extend ually all along the nerve from 
the point of section away from the cor The second diagram shows the 
degeneration of the efferent or mot bres only, due to a section of the 
anterior root at (S). The drawin ightly inaccurate, inasmuch as only 
the half of the trunk (P) which į e of the motor fibres derived from the 
anterior root should be shad indicate that the degeneration occurring 
in this case is limited to th or fibres of the trunk of the nerve. The 
third diagram indicates atically the effect of cutting the posterior 
root at (S), i.e., farther z from the cord than the ganglion (M). Here 
again the setae MNS aoe from the point of section along the path 


of the nerve trunk his degeneration only occurs in the portion of the 
nerve made of the t or sensory fibres, a fact which is not clearly indicated 
in the diagram 

The fo S rt of the figure shows the effect due to a section of the 
posterior DN any point (S) ‘between the cord and the ganglion (M). Only 
the TERN the posterior root remaining attached to. the cord gradually 


degene the trunk of the nerve and the portion of the posterior root 
oe ganglion and the trunk itself, as well as the anterior root, not 
e aitected. 
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of the molecules of the fibres. If a motor or a sensory nerve 
be irritated at any point, contraction of the muscles of the 
part supplied, or sensation or some corresponding event in 
the central organ, immediately follows. But if the nerve 
is cut or even tightly tied at any point between the part 
irritated and the muscle or the central organ, the effect 
ceases, exactly as cutting an electric wire stops the trans- 
mission of the electric current. | When a limb “ goes to 
sleep ” it is usually because the nerves supplying it have 
been subjected to pressure sufficient to interfere with the 
nervous conductivity of the fibres, i.e., to the power they 
have of transmitting nervous impulses; we lose voluntary 
control over, and sensation in, the limb, and these powers 
are only gradually restored as nervous conductivity returns. 


Transmission of Nervous Impulses. 


The notion of an impulse travelling along a nerve being 
arrived at, we readily pass to the conception of a sensory 
nerve as a nerve which, when active, brings an impulse to 
the central organ, or, is afferent, and of a motor nerve as a 
nerve which carries impulses from the central organ, or, is 
efferent. The terms afferent and efferent are more con- 
venient than the terms sensory and motor, since there are 
afferent nerves which are not sensory in the sense that they 
do not give rise to a change of consciousness or to a sensa- 
tion, and there are efferent nerves which are not motor in 
the sense of inducing muscular contractio} Thus, the 
nerves by which electrical fishes give ri an electrical 
discharge from some special organs tọ ch these nerves 
are distributed are efferent, inasmuch ey carry impulses 
from the nervous centres to the ele organs, but they are 
not motor, inasmuch as they d ause muscular contrac- 
tion. The pneumogastric ner tħe roth pair of cranial 
nerves) to which we Shall ron presently, when it stops the 
beating of the heart cano e called motor, and yet it is 
then acting as an eff nerve. Likewise, the nerves 
which supply the can gland and cause them to secrete 
are not motor in Strict meaning of the term, but they 
are efferent as ds the direction in which they convey 
their impulses, 

It must SO understood that the use of the terms afferent 
and effer oes not imply that if a nerve is irritated in the 
middi Nts length the impulse set up in it travels only 
towa Wie nervous centres if the nerve is afferent, or away 


frad it if efferent. On the contrary, there is evidence that 
Ni her case the impulse travels both ways, and all that 
meant is that the afferent nerve from the arrangement of 
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its two ends, in the skin or other peripheral organ on one 
hand, and in the nervous centres on the other hand, is of 
use only when impulses are travelling along it from the 
periphery towards the nervous centres, and similarly an 
efferent nerve is of use only when impulses are travelling 
along it away from the nervous centres towards the peripheral 
organs. 

Though afferent nerves apparently convey impulses in 
one direction only, namely, from the periphery of the body 
to the nervous centres, and efferent nerves from the nervous 
centres to some peripheral organs, e.g., muscles, it is 
possible to show experimentally that nerves of either kind 
are capable of transmitting impulses in both directions, 
although in one of these directions in each case, no effect 
is manifest. The experimental proof in the case of an 
afferent or sensory nerve, has been given by the French 
physiologist, Paul Bert. He grafted the tip of a rat’s tail 
to the back or to the nose of the animal, and when union 
had been effected, he amputated the tail near its original 
base. The rat was then provided with a trunk-like 
appendage on its back or its nose, and gave evidence of 
sensation if this appendage was pinched. Under these 
circumstances, sensory impulses passed from base to tip of 
the tail, whereas formerly in the ordinary way, they passed 
from tip to base. 

It has been ascertained that electrical a a occur 
in nerves (whether afferent or efferent) when impulse is 
conveyed through them and this electrical 
this current of action, as it is generally ter , may be used 
to give a proof of the fact that nerves o er kind transmit 
impulses in both directions, and th Or effect is manifest 
in the peripheral portion of a sen Ke ve or in the central 
portion of a motor nerve, it is *gerely because a sensory 
impulse can only be perceived a nervous centre and a 
motor or efferent impulse y only be manifested by a 
muscular contraction or by e similar effect. 

There is no differe wh structure or physical character 
between afferent an nt nerves. We know but little of 
the nature of a foo impulse. We know that it may be 
Started in a neryeby various artificial means such as pinch- 
ing, or knockjys“the nerve, or by suddenly warming or 
cooling it, , ost readily by stimulating the nerve elec- 
trically, e suppose that, by any of these means, there 
is set u Y the nerve to which any of the above stimuli is 
N disturbance which is then propagated in succes- 
Si m one particle of the axis-cylinder to the next, so 
BO ultimately reaches a point in the nerve remote from 


wy 
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that in which it was started. In this way, we speak of a 
nervous impulse as due to the propagation of a molecular 
disturbance, though the expression does not convey anything 
as to the true nature of the phenomenon. 


Speed of Propagation of Nervous Impulses. 


The impulse which travels along a nerve requires a 
certain time for its propagation, and is vastly slower than 
many other movements, even slower than sound. ‘The rate 
of transmission can be determined by means of a muscle- 
nerve preparation similar to that which we have descrpbed 
in the paragraph devoted to Muscular Contraction. The 
gastrocnemius muscle of a frog is carefully dissected, and as 
long a portion as possible of the nerve supplying it (the 
sciatic nerve) is left attached to it. The preparation is 
arranged as shown in fig. 8, the muscle being fixed at one 
end and being kept in slight condition of stretch by a weight 


Fic. 8. DIAGRAMMATIC 
ARRANGEMENT OF A MUSCLE- 
NERVE PREPARATION TO DE- 
TERMINE THE VELOCITY OF 
PROPAGATION OF NERVOUS 
IMPULSES. The muscle (m) 
(say the gastrocnemius nerve 
of a frog) is dissected, a 
fairly long portion (g x) of 
the nerve supplying it (the 
sciatic nerve) being left con- 
nected with the muscle itself. 
The rest of the apparatus is 
similar to that we have des- 
cribed in Fic. 2. An electric 
shock of instantaneous dura- 
tion is applied first at the 
point (g) of the nerve and the 
exact moment the muscle 
begins to react is registered by Q 
the lever on the revolving O Fic. 8 
drum. Then a similar shock x age 
is applied at (x) and again: the m t the muscle reacts is registered. It 
is found that the time interval Ch the muscular reaction begins when the 


shock is applied at (g) is long an the similar interval following a shock 
applied at (x). The differen etween these two intervals of time, which is 
easily ascertained from sie Curve registered by a vibrating tuning fork, 
represents obviously th e the nervous impulse takes to travel from (g) 
to (x), i.e., through (TÀ n length of nerve. 


(w) attached tòthe tendon at the other end. The sciatic 
nerve (xg) 15D disposed that it may be stimulated either at 
close as possible to its entrance in the muscle, 
itt (g) as far away as possible from the muscle. It 
that if the nerve is stimulated at (x) the muscle con- 
os practically at once, this contraction being shown by 
XQ id movement of the free end of the pointer. Then, 


is fo 


She nerve is stimulated at the point (g) as far as possible from 
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the muscle, and it is found that the contraction of the muscle 
occurs after a certain interval of time which can be accurately 
measured by means of a device (tuning-fork) similar to that 
used in the study of the muscular contraction. Let us sup- 
pose that in an experiment of this kind, the contraction of 
the muscle in answer to a stimulation of the nerve at the 
point (g) has taken, say, 1-5ooth of a second longer than when 
the stimulation was applied at (x). This difference can only 
be due to the fact that when the impulse is started at (g) it 
takes 1-500th of a second longer to reach the muscle than 
when started at (x). Since the length of the piece of nerve 
between (x) and (g) can be known by direct measurement (let 
it be, say, 6 cms.), the speed of propagation can be easily 
calculated. In this way it is found that a nerve impulse 
travels at the rate of about 28 to 30 metres per second in the 
nerve of a frog. 

The rate of propagation of a nervous impulse depends 
on the temperature of the nerve, and diminishes as the nerve 
is cooled; in the case of a frog’s nerve, the rate may be 
reduced by cooling to as little as 1 metre per second. Hence, 
it is not surprising to find, in experiments made on the 
nerves of warm-blooded animals, a higher rate of trans- 
mission (something like 33 metres per second) than in the 
case of a cold-blooded frog. 


Physiological Properties of the Spinal Cord. ; 
Up to the present we have only experiment nerves. 


.We may now test in a similar way the pr ies of the 


spinal cord. If the cord is cut across, sayXm the middle 
of the back, the legs, and all the parts e0 lied by nerves 
which come from the cord below the n, will be insen- 
sible, and no effort of the will can them move. The 
parts supplied by nerves emergin& from the cord above the ‘ 
section retain their ordinary pow&3. 

If, when the cord is cut ac@gs, the cut end of the portion 
below the section is stimulat€Q violent movements of all the 
muscles supplied by n iven off from the lower part 
of the cord take plac ut no sensation whatever is felt 
by the brain. On t@eydther hand, if the cut end which is 
still connected We e brain, or if any afferent nerve con- 
nected with the of the cord above the section be irritated, 
sensation eag shown by the movements of the animal 
on which xperiment is performed, but in these move- 


ments the Wuscles supplied by nerves coming from the cord 
bon gato take no part. This shows that the cord may 


ed as a great mixed motor and sensory nerve. 


be ge 

P the structural connections of the spinal cord with 
ww 
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various parts of the body through the thirty-one pairs of 
spinal nerves, referred to previously, it is clear that sensory or 
other afferent nerve impulses from the periphery in the 
trunk and limbs can only be conveyed to the brain and 
there perceived when the cord is uninjured and intact. The 
mandates of the will, originating in the brain, can only 
pass to their destination along the efferent nerves when the 
communication through the cord is uninterrupted by injury 
or disease. Any disease or injury that affects the whole of 
the cord leads to paraplegia, or complete paralysis, with loss 
of sensation and voluntary movement in the parts of the 
body which receive their nerve supply from the portion of 
the cord below the injury. 

Besides being a huge mixed nerve, motor and sensory, 
the spinal cord is an important centre of reflex action. We 
have seen that if the trunk of a spinal nerve be cut so as to 
sever its connection with the cord, the part of the body in 
which the nerve is distributed loses all power of movement 
and all sensibility; this part of the body becomes entirely 
paralysed. If, however, the cord is completely cut across 
so as to sever its connection with the brain, irritation applied 
to the skin of the parts supplied with afferent (or sensory) 
nerves from the portion of the cord below the section, though 
it does not give rise to sensation, produces violent motions 
of the parts supplied with efferent (motor) nerves from the 
same portion of the cord. Thus, in the case gia man whose 
legs are paralysed and insensible from spin Naty, tickling 
the soles of the feet will cause the le OA kick out con- 
vulsively. In a broad way, so long eS oth roots of the 
spinal nerves remain connected wif e cord irritation of 
any afferent nerve is competent wave rise to excitement of 
some or the whole of the seo rves so connected. If 
the cord be cut across a sec ime at any distance below 


the first section, the ofere erves below the second cut 
will no longer be affecteghy Dorn of the afferent nerves 
above, but only of th elow, the second section; or, in 


other words, in ordef@phett an afferent impulse may be con- 
verted into an eff t one by the spinal cord, the afferent 


nerves must ‘ey uninterrupted material communication 
with the effesent nerves by means of the substance of the 
spinal cord N; 


Reflex ns of the Spinal Cord. 
NY peculiar power of the cord, by which it is com- 
= to convert afferent into efferent impulses is that which 
guishes it physiologically as a central organ, a nervous 
o from a mere nerve. 
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Speaking generally, the whole of the activities of the 
nervous centres are divided into reflex acts and voluntary 
acts. A reflex action is the immediate efferent response to 
afferent impulses, independently of the will. The spinal cord 
possesses this power of responding to afferent impulses in 
a remarkable degree and may, in fact, be regarded as formed 
in part of a number of reflex centres. It also acts as a con- 
ductor of impulses via the spinal nerves to and from the 
brain. As we shall see presently, the brain itself may also 
become a centre of reflex action, but there is no doubt that 
most of the reflex acts which play such an important part in 
daily life are performed through the spinal cord. 

The power of the cord to originate reflex action is 
localised in the grey matter and not in the white substance. 
The mechanism of a reflex action involves the following 
elements: (a) a sensient surface or a peripheral sense organ; 
(b) an afferent nerve fibre; (c) a cell or group of cells on the 
afferent tract; (d) a connection of these cells (commissural 
fibres) with (e) efferent fibres; (f) a muscle or a gland or other 
organ capable of response to the stimulus from the nerve 
centre involved in (c) and (d). These are the components 
of a reflex arc. 

An appropriate stimulus applied to the sensient surface 
passes along the afferent fibres and leads to a discharge of 
efferent impulses which set the muscle or other responding 
organ in action. Thus, a frog whose brain has bee ce 
or severed from the cord will remain at Sew if the 
skin be irritated by a prick or other stimulus @j§ limbs will 
be set in motion by the contraction of cert uscles. 

The reflex process thusset up is SPORS iagrammatically 
in fig. 9. From the sensient OR Nn afferent impulse 


MECHANISM OF A REFLEX 

(after Waller). (a) represents 

O a ee organ, 

ey a cell in the skin, to which a 

mulus is applied; (b) is an afferent 

@ r sensory fibre travelling from (a) to 

N the posterior portion of the grey 

O matter of the cord and ending in a 

nerve ċell (c) in the posterior horn. 

In some unexplained way, the impulse 

ii passes across the grey matter of the 

cord to one of the large cells of 

origin of the anterior root (in the 

anterior horn) ze énted by (d). The cells of the anterior root are connected 

by efferent AS ) with a muscle (f) which then reacts to the irritation or 
to the stimu pplied to the sensory organ (a). 


ee 2D (b) to the posterior root of the spinal cord, the 
bres of the posterior root ending in minute filaments 
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among the cells of the posterior horn at (c). In some unex- 
plained way, the impulses pass across the grey part of the 
cord to the large cells of the anterior horn (d). The cells of 
the anterior horn are connected through their axons with the 
efferent fibres (e), and these convey the stimulus to the 
muscle or the responding organ (f). It should be noted that 
the centre in the cord does not merely reflect the afferent 
impulses into efferent impulses; the reflex act often seems 
to be adapted for a purpose, and to be of a useful nature. 
If a person is asleep or even very deep in thought, and a 
slight irritation is applied, as, for instance, by gently touch- 
ing the skin of the face with a feather, he will without 
waking or without thinking about it, put up his hand to 
brush the irritation away. Again, in the case of the brain- 
less frog referred to just now, if a drop of an irritating fluid 
is put on the skin, the movements of the animal are directed 
to removing the offending substance. As is well known, 
winking movements and excessive secretion of the lachrymal 
gland, both of a reflex nature, occur on irritation of the 
conjunctiva by a foreign body in the conjunctival sac, as we 
shall see more fully presently. Likewise, a reflex closure 
of the lids follows on the sudden approach of a missile. 
Sneezing and coughing are other instances of reflex move- 
ments of a similar nature which are performed for a definite 
purpose and without the intervention of the will. In a 
typical reflex action, afferent impulses reach Å nerve centre 
and are converted by the irritable protoplagky ii the.centre 


into efferent impulses. There is oft close relation 
between the strength of the original s lus applied to the 
afferent nerve and the magnitude the efferent impulse, 
but a very slight stimulus may al intensified in a nerve 
centre, where the arrangement reflex mechanism is so 


complex that the result is nates of many muscles. 
Witness the convulsive fi coughing determined by a 
minute particle passing @yto the larynx, or the start we 
experience on produc D of a sudden noise. 

As we have 1G tated, the spinal cord, beside being 
a centre for re ction, serves to the transmission of 
nervous impul etween the brain and the various organs 
such as the, nayscles and the skin with which the spinal nerves 
7 In fact, the cord acts as a great mixed motor 
“ty nerve. When we move a foot certain nervous 
tarting in some part of thecerebral hemisphere pass 


Mal nerves going to the legs and, issuing along the fibres 
the anterior bundle of these roots, find their way to the 
One which move the foot. Likewise, when the sole of 


imp C 
RÀ he whole length of the cord as far as the roots of the 
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the foot is touched afferent impulses travel in the reverse way 
upwards along the spinal cord to the brain. 

The question which naturally arises is: In what manner 
do those afferent and efferent impulses travel along the spinal 
cord? The question is a difficult one, and indeed, a complete 
statement on the subject is not possible in the actual state 
of science. Our present knowledge of the paths of impulses 
in the cord has mainly been obtained by means of the 
degeneration method. We have seen that when a nerve is 
cut, its fibres degenerate. Since this degeneration, which 
manifests itself by the structural changes we have mentioned, 
indicates a breakdown in the proper nutrition of the fibres 
in which it occurs, it may be used to determine the relation- 
ship of the nerve fibres to the centres upon which their 
nutrition depends. 

The whole white matter of the cord is composed of fibres 
similar to those of an ordinary medullated nerve, and these 
fibres degenerate when cut off from the centres on which 
their nutrition depends. Hence, if the spinal cord is com- 
pletely cut across, or, if transverse cuts are made into any 
part or the whole of any one or more of the columns of white 
matter of which the cord is so largely made up, degenerative 
changes start from the point of section and, by the course 
they pursue up and down the cord, enable us to follow the 
path of certain fibres in that white matter. The degenerative 
changes which take place in parts of the white mmtter both 
above and below the point of section only affec Km ted parts 
of the white matter, and the parts thus affe > above the 
cut, i.e., towards the brain, are different a from the 
parts affected below the cut. The chan €y hich start above 
the cut and extend upwards towards h Pain, are spoken of 
as “‘ ascending degenerations,”’ thé) which are observed 
to occur downwards are terme descending degenera- 
tions.” Moreover, since the @ptts which degenerate are 
limited as to their transversepsectional area while running 
for very considerable dista along the white matter of the 
cord, they are usually of as “‘ tracts,” and since these 
tracts serve definitely e transmission of impulses up and 
down the cord, they ote very definite paths of conduction 
along the spinal gorf. 

We shall | Oc aa later on to see how the degenera- 
tion method been used to determine the path of visual 
impulses the retina to the brain. 


General Wrrangement of the Brain. 


~Q brain, or cerebrum, is a very complex organ which 
o€ypies the cavity of the skull or cranium, and is thus 
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placed at the upper end of the spinal cord, with which it is 
connected by means of the spinal bulb or simply the bulb 
(medulla oblongata). This latter structure passes gradually 
into, and in its lower part, has very much the same structure 
as, the spinal cord itself. 

A complete description of the brain is beyond the scope 
of this work. We shall give below some of the details which 
can be ascertained from examination of good drawings as 
found in most text-books on anatomy, or better still, from a 
careful study of a papier maché model of the human brain of 
average size. These details are given below more for the 
purpose of reference than for actual study. 

Before proceeding to this investigation, it is well to have 
a general idea of the main arrangement of the brain, and of 
the various parts which play an important part in the work- 
ing of the eye. The division of the cerebro-spinal centres 
(brain proper and spinal cord), is based upon the embryo- 
logical development of these organs. 


Embryological Development of the Brain. 


The cerebro-spinal nervous centre makes its first appear- 
ance as two ridges of ectoderm bordering a groove in the 
median line of the upper aspect of the embryo (fig. 10, A). 
these ridges increase in elevation they soon meet over the 
back of the groove, which ultimately becomes a canal 
termed the neural canal (fig. 10, B, C, D). oO period the 


er yn) on the dorsal 

on of the embryo 

er the stage of forma- 

ion of the embryological 
layers. 


Fic. 10. FORMATION OF 
THE NEURAL GROOVE AND 
OF THE NEURAL CANAL. 


(A) shows the first 
appearance of the neural 


Ectoderm RSS 


Mesoderm—_ a 
(Sia ener ee ge c 
X Fic. 10. 


(B) represents Qer scale and in diagrammatic form a transversal 
section of the emb showing how the ectoderm becomes folded in, to 


Dm ural Canal 


constitute the ņ groove. 

(C) shows eather stage in the development of the neural groove, and 
(D) represent e neural canal which ultimately becomes separated from 
the superan ectoderm and thus constitutes an internal tube, of ectodermic 
origin, runs along the embryo. 


Onic nervous system may be represented as a cylinder 
pe walls are made of ectodermic cells; in this stage it is 
ed the neural axis. While the great majority of the cells 
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become differentiated into neurons with their supporting 
tissue, the neuroglia or nerve-glue, some of them remain as 
a lining to the canal and form what is called the ependymal 
epithelium. The neural canal persists throughout life under 
different names, and assumes different forms in different 
portions of the cerebro-spinal centres; we have already 
alluded to the central canal of the spinal cord, which is con- 
tinuous upwards with spaces in the brain itself which are 
called the ventricles of the brain. 

That part of the neural axis which is contained within 
the embryonic skull, and which is to become the brain 
proper, is seen at a very early stage to be dilated into three 
sacs or vesicles, known, from behind forwards, as the hinder 
brain (rhombencephalon), the middle brain (mesencephalon) 
and the fore-brain (prosencephalon) (fig. 11). A little later 
the first and third of these vesicles are differentiated into two 


Fic. 11. TO ILLUSTRATE DIAGRAM- 
MATICALLY THE DEVELOPMENT OF THE 
BRAIN. At an early period of develop- 
ment, when the posterior part of the 
neural canal is still open, the anterior 
portions of its walls dilate considerably 
but at first remain single. The walls 
of the tube soon show two constric- 
tions which divide the embryo brain 
into the anterior, the middle and the 
posterior primary cerebral vesicles 
represented by (a) (b) and (c) respec- 
tively. The anterior ve§icle is often 
termed Prosencephal N torebrain 

the Mesence- 
d the posterior 
or Rhombence- 
jts rhomboidal shape. 


The ag r vesicle soon divides 
into the @ejencephalon or end brain 
(d) wich) wll ultimately become the 
cerébr. emisphere, and the Dien- 
ce on or inter-brain (e) which will 
f the optic thalami, the corpora 
Gan. the pineal body and the 

ptic tracts. 

The middle vesicle will develop 
into the mid-brain containing amongst 
other structures the corpora quadri- 
gemina. The posterior primary vesicle 
will form the metencephalon or after 

Y brain which ultimately develops into 
) 
í 


the cerebellum (g 
and is continued 


he myelencephalon which will become the bulb (h) 
iorly into the spinal cord. 
each, th NS part forming the myelencephalon or marrow 
brain ( will ultimately become the bulb or connecting 
link beXween the spinal cord and the portion of the brain 
locNGY n the skull) and the metencephalon or after brain 
wch will form the cerebellum or small brain. 
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The middle vesicle or mid-brain or mesencephalon 
remains single and will ultimately become the corpora 
quadrigemina. 

The fore-brain (prosencephalon) or anterior primary 
cerebral vesicle develops into the end brain, which will form 
the cerebral hemispheres and the inter-brain or diencephalon, 
which will give rise to the optic thalami, the geniculate 
bodies, the pineal body and the optic tracts. 

Fig. 10 (B, C, D) shows diagrammatically the forma- 
tion of the neural canal by invagination, i.e., folding in of 
the ectoderm on the middle of the upper part of the embryo, 
and fig. 11 shows, also in diagrammatic form, the various 
cerebral vesicles derived by the development, multiplication 
and differentiation of the cells forming the walls of the neural 
canal. 

Fig. 12 is a sagittal section of the brain of a mammal 
at a later stage of development. 

In the human body, and during the period of develop- 
ment, the anterior part of the brain or fore-brain which 
increases in size much more than the other parts, and the 
portion in front of the myelencephalon bend forwards so that 
they are no longer in the direct prolongation of the spinal 
cord. This knee-shaped bending is termed the cervical 
flexure, since it occurs at the level of the upper end of the 
neck. 

To resume, we can regard the cerebro-sinal centres, 
i.e., the combination of the spinal cord and rain proper, 
as being made of nervous matter built rou@y~“a central open- 
ing. This opening runs in the axis of t inal cord to form 
what is called the central canal of ord, whereas in the 
brain proper, i.e., the portion of ervous system which 
is located in the skull, the ce pening is no longer a 
single tube but constitutes te cavities termed the brain 
ventricles. 

In the spinal cord weet the grey nervous matter made 
almost entirely of ner O ls and occupying the inner part 
of the cord, while Ae cerebral hemispheres, the grey 
matter forms a tbi Nyer on the outside surface; this layer 
is called the ne cortex or simply the cortex. The white 
matter of the gerd, made of bundles of nervous fibres, occupies 
the outside gion, but in the hemispheres it is inside the 
cortex, AR ores serving as a link between the various parts 

x itself with the cord and with the masses of grey 


of th N 
mate ocated in the lower part of the brain, i.e., in the 


ncephalon (or bulb) and the mesencephalon. 
ig. 12 shows a lateral view of the brain in the adult 


Ohne being. The main point to bear in mind for our 
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present purpose is that the true nerve centres are formed by 
(a) the grey matter of the spinal cord chiefly concerned with 
the production of reflex movements; (b) a series of masses 
of grey matter called the basal or primary centres, located 
in the lower part of the brain (i.e., in or near the bulb), also 
concerned with the production of reflex action, and governing 
the work of various organs, apart from the influence of the 
will; and (c) the grey matter of the cortex which is the centre 


FIG. 12. 


FIG. 12. SHOWS A SAGITTAL SECTION OF THE HUMAN BRAJN, PARALLEL 
TO, BUT NOT COINCIDING WITH, THE MEDIAN PLANE (after “ee 


(A) is the myelencephalon or bulb. XO 

(B) represents the metencephalon, the front porti I1) of which is 
the Pons Varolii, and the back portion (B2) the c lum; (C) is the 
isthmus of the Rhombencephalon ; (D) is the m phalon, the frontal 
or ventral portion (D1) of which forms the cereb duncles and the back 
or dorsal portion (D2) develops into the corpor drigemina; (E) is the 
diencephalon including the optic thalamu N corpora geniculata, the 
pineal body and the optic tracts ; (F) is K cephalon or end-brain which 


ultimately forms the cerebral hemisphere 


of voluntary movements andọỌj intellectual functions, as we 
shall see presently. 

The white matter g@pying the external part of the 
spinal cord and the SS of the brain within the cortex is 
mainly made of AGY arranged in bundles and serving to 
connect the true gerVous centres. 


Description of £@ Various Parts of the Brain. 


The g@geral scheme of arrangement of the cerebro-spinal 
centres Agtg understood, it will be well for the student to 
UPN a more complete examination of the brain, either 
on wings as found in all text-books on Anatomy, or 
agyin, on a papier maché model brain of average size. 
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When a human brain is removed trom the skull and 
divested of its sheaths or envelope, or, when a model brain 
is looked at from above, it shows nothing but the convoluted 
surfaces of the two hemispheres which constitute the brain 
proper, the two hemispheres being separated from front to 
back by a longitudinal fissure. On drawing the two hemi- 
spheres apart, they are found to be connected in the middle 
half, at about 3 or 3.5 cms. below the surface, by a trans- 
versal band of white fibrous matter termed the corpus 
callosum. Looked at from the side, the hinder portion of the 
hemispheres is seen overlapping the wrinkled cerebellum. 
The hindermost part of the brain (the term brain being 
understood in this respect to denote all the portion of the 
nervous system that is lodged within the cranium) is formed 
of the bulb or medulla oblongata which is continuous with 
the spinal cord through the circular opening in the occipital 
bone (or foramen magnum). 

On turning up the base of the brain for inspection, each 
cerebral hemisphere is seen to be sub-divided into three 
lobes, namely, the anterior or frontal lobe, the middle lobe, 
and the posterior or occipital lobe. The frontal lobe is 
separated from the middle one by the fissure of Sylvius. 
(See below.) 

From behind forwards, in and near the median line of 
the under surface or base of the brain, the following parts 
are seen :— 

The medulla oblongata, or spinal b or simply the 
bulb, pyramidal in shape, overlying th ebellum and with 
its broad end upwards; certain pai xO the cranial nerves 
are seen springing from its Ea) 


The pons Varoli, a rem Co immediately above 
the bulb showing aS s connecting it externally 
with the two sides of the cei@h) ee Internally, it is found 


to be continuous with th Q. 


The crura cerebri Qypeduncles of the cerebrum, which 
show as two Striat Birdies of nervous matter emerging 
from the pons YafONi, one on each side of the median line 
and entering ihe poder part of each cerebral hemisphere as 
ae ah erge 
aerie perforated space, a small triangular plate 
of ee Sue traversed by many arteries and the corpora 
albi ww two small white round bodies each having about 
ORS Z Se a pea, and whose function is unknown. Both the 
sein perforated space and the corpora albicantia lie 
ween the diverging peduncles referred to just now. 
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The tuber cinereum, an eminence of grey matter in front 
of the corpora albicantia and attached to the chiasma or optic 
commissure (the junction of the two optic nerves). 

The infundibulum, a hollow conical process passing 
from the tuber cinereum to a small reddish body of uncertain 
function called the pituitary body. Being enclosed in the 
dura mater the pituitary body is usually detached when a 
brain is removed from the skull and divested of its envelopes. 

Lying in grooves on the under surface of the frontal 
lobes of the brain, on each side of the longitudinal fissure, 
are the two olfactory tracts and bulbs. 

This is about all we can see by mere inspection of a 
brain. To get an idea of the inner relations of the various 
parts as well as to see the basal ganglia and cavities of the 
brain, sections have to be made in various directions. A 
vertical longitudinal section passing through the middle line 
of the brain, from front to back, and thus dividing it into two 
similar and symmetrical halves, will help in the study of the 
internal structure. We will suppose that we examine the 
cut surface of the right hemisphere of the brain as exposed 
by this section. The following structural details may be 
made out. The corpus callosum is seen cut across; above 
this and extending forwards.and backwards is the flattened 
exposed surface of the right cerebral hemisphere which forms 
one side of the median fissure. The upper end of the spinal 
cord passes into the bulb, in front of which the dcnsversal 
fibres of the pons are seen in section, while th itudinal 
fibres of the bulb run forward above the po Ss emerge in 
front as one of the peduncles of the brain 9 crura cerebri 
(the right one). Anteriorly, the Segue apes from 
the section as it diverges to the right the median line to 
enter the corresponding hemispher The cerebellum is 
seen in section overhanging the ete and between it and the 
bulb is the cavity which is cal 1e fourth ventricle. The 
central canal of the spinal opens in the hinder part of 
the fourth ventricle, whi l ront end of the cavity is pro- 
longed by a narrow p e (aqueduct of Sylvius) which 
leads into a longer, ty known as the third ventricle. 
Above the aqueduct four masses of grey nervous matter 
arranged in two*gejrs, one on each side of the median line 
of the brain; {fh their number, these structures have 
received th ie of corpora quadrigemina or quadrigeminal 
bodies. Wat of the anterior quadrigeminal bodies and 
on the Aa line is the small structure, about the size of a 
cherr e, that is called the pineal gland. The posterior 
quayigeminal body on each side is continuous with a thin 
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layer of grey nervous tissue which leads back into the cere- 
bellum. This forms an overhanging roof to the front end 
of the fourth ventricle, and is known as the valve of 
Vieussens. The floor of the third ventricle is produced 
forwards and downwards into a funnel-shaped space to the 
tip of which is attached the small body of glandular nature 
we have already alluded to under the name of pituitary body. 
The roof of the third ventricle is provided by a layer of tissue 
seen in section and known as the fornix. This is connected 
posteriorly with the hinder end of the corpus callosum and, 
in front, it curves downwards and backwards into the lateral 
wall of the third ventricle towards the corpus albicans. 

The vertical space between the fornix and the corpus 
callosum is filled by a thin double layer of nervous tissue 
called the septum lucidum. It lies in the plane of the section 
and forms the inner wall of a large cavity occupying the 
middle of the cerebral hemisphere; this cavity is the (right) 
lateral ventricle. The lateral ventricle communicates with 
the cavity of the third ventricle by a small opening termed 
the foramen of Monro. Since the septum lucidum is made 
of two layers applied to one another, there is a small flattened 
space between the two, in the median line of the brain; this 
is spoken of as the fifth ventricle, but it has no connection 
with the other cerebral ventricles. The two lateral ventricles, 
one in each hemisphere, are reckoned as the first and second 
ventricles; then comes the third and fourth vegtricle, each of 
which is symmetrically placed with rege the median 
line. The space between the two laye of the septum 


lucidum constitutes the fifth ventricle. 
Each lateral ventricle is a cavit peculiar shape, one 
branch running forwards epee e front end of the 


hemisphere and one backward rds the hinder end; from 
the latter a third branch $ ownwards and one more 


forwards. These branchesey¥respond to the chief lobes of 
which each hemisphere i de up, namely, the frontal, the 
parietal and occipital ees and the temporal lobe. These 
lobes are marked the surface of the hemispheres by 
fissures, the mo nspicuous of which are the fissure of 
Sylvius and ig pre of Rolando. 

We hay n that the spinal cord consists essentially 
of a centrafQanal surrounded by grey matter containing 
nerve C external to which is a covering of white matter 
mad&ANefly of nerve fibres. Now, from what we have 
lear st now, it is clear that the brain may also be regarded 
as\being built of structures which are placed round the sides 

central canal which is really the continuation of the 
Ò central canal of the cord. Only this canal is not a simple 
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straight tube but has a peculiar shape. As we have seen, 
the central canal of the cord is continued upwards by the 
fourth ventricle which communicates with another central 
cavity (the third ventricle) by means of the aqueduct of 
Sylvius. The third ventricle itself is in communication, on 
the right and on the left, with larger cavities in the cerebral - 
hemispheres, these cavities being the first and second 
ventricles, or, as they are more often termed, the lateral 
ventricles. The so-called fifth ventricle is not connected 
with the other ones. : 

We have seen just now that at a very early stage of 
development a folding in of the cells takes place on the 
dorsal part of the embryo brain, so that the upper area 
assumes the character of a groove which is termed the medul- 
lary or neural groove. As growth proceeds, and the 
ectodermic cells continue to multiply and to increase in 
number, the two edges of the groove gradually approximate 
and ultimately fuse together thus transforming what was the 
groove into a closed canal, the medullary or neural canal, 
which is destined to become the central canal of the spinal 
cord and the ventricles or cavities in the brain. It is from 
the walls of this canal, which are composed of cells of 
ectodermic origin, that the brain and spinal cord are formed 
by cell-multiplication and by outgrowth of existing parts. 
At first the cells appear all similar, but as the development 


goes on they begin to differentiate themselves i various 
kinds, some forming the actual nervous cells bres of 
the brain and spinal cord, others developing #@o protective 
structures. 


narrower than the anterior portion, gives rise to the 
spinal cord. It soon changes its ofa}a ter by the appear- 
ance of a number of constrictions mer running along 
the whole length; it becomes, 4) is termed, segmented, 
and a little later these succese segments are seen to cor- 
respond to the pairs of spi nerves which arise from the 


The hinder or posterior part of Roy ullary canal is 


cord. 
The front or ante ortion of the medullary canal is 
concerned with the Gry opment of the brain itself, and here, 
at an early stage, fo Obvious constrictions occur, and divide 
the brain area j the three distinct parts or vesicles we 
bove. Part of the posterior vesicle ulti- 
s into the cerebellum or small brain, while 
orms the spinal bulb or medulla oblongata, that 


another pa 
Importand part of the hind brain in which lie so many centres 
f uS energy. The central part formed by these con- 


O e 
stri@hons will ultimately develop into the mid-brain, while 
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the foremost or anterior vesicle will form the great mass of 
the cerebrum itself, together with various outgrowths which 
have most important functions; two of these outgrowths 
which appear projecting from the lower part of the sides of 
the walls and ultimately reach the outer ectoderm of the 
embryo, are called the optic vesicles, from which the nervous 
apparatus of the eyes is formed. Later in the development 
the whole of the anterior cerebral vesicle is again constricted, 
thus forming two distinct parts, the foremost of which grows 
rapidly in two halves on either side of the middle line to 
give rise to the cerebral hemispheres. It follows from this 
that the two cerebral hemispheres arise in the first place as 
lateral enlargements of the anterior part of one of the primi- 
tive constrictions of the medullary canal. In their outer 
layers cells continue to develop with great rapidity, and thus 
is formed the cerebral cortex. According to some authori- 
ties, a remarkable thing about this most important part of 
the brain is that the cells of the cortex appear to be formed 
during the life of the embryo, there being, in all probability. 
none added after birth. The consequence of this is that 
since the cerebral cortex is, as we shall see presently, the 
centre of all intellectual faculties, then, the capabilities of the 
brain tissue are fixed from the beginning. In other words, 
according to these authorities, brain tissue is born and not 
made, and it is the manner in which it is treated afterwards 
which determines whether that given amount of brain cells 
displays its best potentialities or not. Ho N the fact upon 
which this theory rests is not definitely GS ed. 


Arrangement of the Grey Nervous Matter Wie Brain. 


Though the brain is, like th al cord, made of grey 
and white matter, these are anged in such a simple 
way as they are in the cord the contrary, although in 
the brain a great deal of gr center is placed external to the 
white, the latter is int Doed with localised deposits of 
grey matter, some sm some large, and this gives to the 
whole an E EANA complexity. This complexity is 
increased by the fence of bundles of ‘nerve fibres which 
serve to intercénnett all these various deposits of grey matter 
so as to ensyre the possibility of co-ordinated action between 
parts of which the brain as a whole is built. 
not undertake to deal with the arrangement of 
s of grey matter in the brain and with their connec- 


the 

tio N strands or bundles of nerve fibres, but some of these 

yes are of great importance from our point of view 
d’deserve a brief explanation. We have pointed out the 

re aa of four conspicuous masses of nervous tissue lying 
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in two pairs above the aqueduct of Sylvius. They consist 
of deposits of grey matter in the otherwise thin wall of the 
roof of the aqueduct. From each of these deposits (or 
corpora quadrigemina) an arm or a band of fibres runs 
obliquely downwards and forwards, the arms proceeding 
from the anterior pair being connected with the optic tracts, 
while those from the posterior pair serve to make similar 
connections with the nerves concerned in hearing (acoustic 
nerves). 

We have stated before that the longitudinal fibres of the 
bulb pass between the transversal fibres of the pons Varolii 
to reappear as the crura cerebri, or cerebral peduncles, which 
diverge from the middle line to enter the cerebral hemi- 
spheres. As each peduncle passes into the base of the cor- 


responding hemisphere it receives, on its upper. surface. a 
’ 


large deposit of grey matter called the optic thalamus. Lying 


iis to one side of the third ventricle and under the lateral 


ventricle, each thalamus forms a projection in the outer side 
wall of the third ventricle’and on the floor of the lateral 
ventricle. The posterior end of each thalamus is called the 
pulvinar and projects over the arms of the corpora quadri- 
gemina. Two small masses of grey matter termed the 
geniculate bodies or the corpora geniculata (internal and 
external) are immediately below the pulvinar, ae inner 
sides forming the lateral boundary of the third vengricle. 

The brain is invested by three mem branes ich are 
the same in name and are similarly placed @Y~related to 
each other as those we have described as co g the spinal 
cord. Of these, the pia mater is highly Oir and carries 
blood-vessels down into the grey ma es ecially into the 
grooves or sulci to which the conv Ko appearance of the 
surface of the brain is due. 

In the spinal bulb the arrat Siren of the white and 
grey matter is substantially ar to.that which obtains in 
the spinal cord, i.e., the matter is external, the grey 
internal, but the grey is more abundant and, as we 
proceed upwards in t b, the arrangement of white and 


grey matter becomes re intricate and complex. 
Above the bu ere are internal deposits of grey matter 
at various pla we have mentioned the corpora quadri- 


gemina, th ic thalami, the corpora geniculata. What 
especially N acterises the brain is the presence of a par- 
ticular fed of grey matter on the surface of the cerebral 
hemi Ke known as the cerebral cortex. This superficial 
argit covers the whole surface of both the brain proper 
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or cerebrum and the cerebellum, dipping down into the 
fissures or sulci of the former and following the peculiar 
plaits into which the surface of the latter is thrown. 
The surface of the cerebellum presents*a corrugated or 
laminated appearance. When a section is made through one 
of its hemispheres, it is seen that the depressions which 
separate the laminz give off secondary lateral depressions as 
they pass towards the centre, so that the surface is really 
divided up into a large number of leaf-like foldings which 
are known as the lamella. The central part of the cere- 
bellum consists of white matter similar to that of the cord, 
i.e. made of medullated fibres. Portions of this white 
matter extend outwards into the lamellz and foldings of the 
surface, and are partly covered by grey matter, the arrange- 
ment thus presenting a peculiar arborescent appearance 
called arbor vitæ (tree of life) by the earlier anatomists. 


The Cerebral Cortex. 


In the cortex of the brain the grey matter is permeated 
throughout by neuroglia, or nerve glue, which forms the sup- 
porting tissue in which the nerve cells of the cortex are 
embedded, and through which the nerve fibres pass to and 
from these cells.. The neuroglia is most marked in the outer- 
most parts of the cortex, immediately below the pia mater, 
and since in a section its wavy fibres are mostly seen as 
sectional dots, this layer of the cortex is ter, the molecular 
layer. Internally to this is a layer c terised by the 
presence of nerve cells of pyramidal s with the apex of 
each cell pointing towards the surf f the brain. This 
layer is called the layer of pyramjdbtells. The size of the 
pyramidal cells varies in the dg t parts of the layer, the 
largest being found in Tp portion, the smallest near 


to the molecular layer. FoNSwing the layer of pyramidal 
cells, we find the portion of the cortex which lies immediately 
external to the central te matter and is characterised by 
the presence of nen@ycells of somewhat irregular form; it 
is the layer of GN orphous cells. 

The white(mptter of the cerebral hemisphere consists of 
medullated, fyres without their external sheaths, arranged in 


bundles eRe Ated by neuroglia. These bundles may be 
classifie¢Netcording to their general course, into (1) diverg- 


ing We uncular fibres which connect each hemisphere with 


the, ver portions of the brain and the spinal cord: the 
45's of these bundles are in a great measure direct prolonga- 
D ns of the axons of the nerve cells of the cortex; (2) trans- 
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versal or commissural fibres which include the fibres of the 
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corpus callosum and those of the anterior and posterior com- 
missure: they serve to connect the hemispheres; (3) 
association fibres which connect different structures in the 
same hemisphere. 


The Functions of the Various Parts of the Brain. 


To complete this brief survey of the nervous system we 
have to examine the functions of its different parts. 

As we have stated before, the spinal cord acts as a large 
afferent and efferent nerve, as well as a centre for reflex 
actions. 

The spinal bulb, or medulla oblongata, also acts as a 
conductor, since all the impulses travelling between the brain 
and the spinal cord must pass through it. Efferent or motor 
impulses travel mainly through the anterior pyramids which, 
as already stated, decussate, i.e., cross from one side to the 
other in the bulb. The path of afferent or sensory impulses 
is not completely made out, though there is evidence that it 
is for the most part in the posterior pyramids which also 
decussate. It follows that all impulses to and from one of 
the hemispheres of the brain pass across the middle line to 
the opposite side of the bulb and spinal cord. Any injury 
of either hemisphere therefore impairs sensations and volun- 
tary movement in the opposite side of the body. 

In addition to its function as a conductor of impulses, 
the bulb acts as a nervecentre, or more exactly, as a collection 
of nerve centres. The importance of the bu a nerve 
centre is established by the fatal results follo Re its injury 
or disease. Any sudden displacement of t per vertebrze 
of the vertebral column, as occurs in han , sO injures the 
cord and its connection as to produc tant death. By 
experiments on the lower anaa Cy s been proved that 
the whole of the brain except tke lb may be gradually 
removed while respiration and lj#e\continue for some time. 

Most of the nerve centresjoMhe bulb are reflex centres, 
but the reflex actions under control are more complicated 
than those of the spina Unlike the brain proper, the 
bulb discharges no m functions, and initiates none but 
reflex movements. bulb contains a respiratory centre, 
the afferent path ofwhich is the vagus nerve or tenth nerve 
(see below) dists#Mited to the lungs, and the efferent path, 
the various mF nerves associated with respiratory move- 
ments (p j¢ and intercostal nerves). The impulses 
created H e condition of the blood in the lungs travel by 
the affeent path to the respiratory centre in the bulb and the 
cony t motor impulses travel by the efferent path to the 
mpscles associated with the movements of the lungs. There 
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are also in the bulb two cardiac centres, a vaso-motor centre 
(see below), and various other centres for mastication, for 
deglutition, for salivary secretion, for dilatation of the pupil, 
etc. Of the two cardiac centres, one serves-to accelerate, the 
other to inhibit, i.e., to slow down, the action of the heart. 
The vaso-motor centre dominates the nerves supplied to the 
unstriped- muscles of the -walls of the arteries. Under 
ordinary circumstances, it acts continuously or tonically, and 
keeps the arteries of the body in a state of tonic contraction. 
Stimulation of the centre leads to contraction of the arteries’ 
and to general rise of blood pressure; inhibition of the centre 
leads to dilatation of the arteries and fall of blood pressure. 


The Cranial Nerves. 


We have mentioned before the thirty-one pairs of spinal 
nerves which are distributed to the muscles and the skin in 
all parts of the body. In addition to those nerves there are 
twelve pairs of cranial or cerebral nerves which appear to 
rise from the under surface of the brain in a double series 
and pass through the base of the skull to their ultimate 
destinations. Their superficial origins, i.e., the points from 
which they emerge from the under surface of the brain, 
extend from. the lower end of the bulb forwards to the 
posterior end of the frontal lobe. Their ultimate destination 
is to some part of the head except in the case of the roth and 
tıth Their fibres, however, can be trace to the sub- 
stance of the brain to some special mass f’ grey. matter 
which are termed their deep or real ori , or again, the 
roots or the nuclei of the nerves. W4 ne exception (that 
of the first or olfactory nerve) the 4 proceeding from the 
nuclei of origin cross within t anium, and the nerves 
on each side are thus fungt lly connected with the 
cerebral cortex of the opposigaviemisphere. 

The cranial nerves bgveé been numbered according to 
the order in which the erge from the base of the brain 
from before ESS nd are also named according to 


their function or e part to which they are distributed. 
They may be Kaprerated as follows :— 


Ist OGgctory. 7th Facial. 

2nd Optic. 8th Auditory. 

AAN Motor oculi: oth Glosso-pharyngeal. 

X net tna roth Pneumogastric or 
; a Vagus. 

5th Trigeminus. 11th. Spinal accessory. 


A 6th Abducens. 12th Hypoglossal. 
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The first two pairs differ in their origin and mode of 
development from all the rest; they are really actual out- 
growths or processes of the brain itself which have found 
their way out of the skull cavity. A glance at the under 
surface of a brain shows that each olfactory tract emerges 
from the corresponding hemisphere by three branches which 
soon unite into a single one; this proceeds forwards and ends 
in a small ovoid body termed the olfactory bulb. Fine fibres 
proceed from the under surface of the above structure, and 
passing out of the cranial cavity through the perforated 
ethmoid bone, are distributed to the mucous membrane 
lining the cavities of the nose. The optic nerve is also, 
strictly speaking, a part of the brain, as we shall see more 
precisely at a later stage. 

The first or Olfactory, the second: or Optic, and the 
eighth or Auditory nerves are nerves of special sensibility, 
inasmuch as whatever stimulus may be brought to bear on 
them, they respond by giving rise to.a sensation of smell, 
or to a luminous sensation, or to the sensation of a sound 
respectively. A branch of the fifth nerve, or Trigeminus, 
supplies the fore part of the mucous membrane of the 
tongue, and is often spoken of as the gustatory nerve; this 
branch constitutes also a nerve of special sensibility. Like- 
wise, a branch of the ninth pair is distributed to the hind 
part of the mucous membrane of the tongue and is also con- 
cerned with the sense of taste. 

Of the other cranial nerves, some are moto Suds, some 
are sensory, and some are mixed, Lern sengok and motor. 
The purely motor nerves are: the 3rd otor oculi, the 
4th or Trochlear, the 5th or Trigemj (except for the 
branch which constitutes the gustat rve and those sup- 
plying sensibility to the conjuncti UA face, etc.), the 6th 
or Abducens, the 7th or Facial, ave 12th or Hypoglossal. 
The mixed nerves are the oth ttosso-pharyngeal (with the 
exception of the branch o Crocial sensibility referred to 
above), the roth or KY or Pneumogastric, and the 


rith or Spinal accessotAN 
We have o out that the olfactory nerves 


are really lobes of Drain, and arise by a triple root in the 
under part of t as ont lobe. The two olfactory tracts lie 
in a furrow o her side of the median fissure of the brain, 
and each Si &Nerminates in an ovoid bulb, from the under 
surface of ch ten or twelve fibres (or true olfactory nerves) 
ne d thsQugh the cribriform plate of the ethmoid bone and 
are ibuted to the mucous membrane of the nose, there 
ae the terminal or peripheral organ of the sense of 


aw 


SO 


72 THE BRAIN 


smell. Unlike all other nerves, the sensory impressions do 
not cross to the opposite side of the brain. 

The arrangement of the second or optic nerve will be 
examined in detail later on. For the present it is sufficient 
to say that the two optic nerves are connected together at 
the chiasma or optic commissure, where a partial decussa- 
tion takes place. Behind the chiasma, under the name of 
optic tracts, the optic nerves may be traced to their origin 
in the anterior quadrigeminal bodies and the external 
geniculate bodies. From these nuclei of origin, fibres (con- 
stituting the optic radiation) may be traced to the visual 
centre in the cortex of the occipital lobe. 

The nerves of the third pair or Motor oculi have their 
origin in clusters of cells in the grey matter of the cerebral 
peduncles on each side of the aqueduct of Sylvius, where 
the nerves of the two sides decussate. The 3rd nerve is 
purely motor or efferent, and passes by two main branches 
into the orbit. There these two main branches divide to be 
distributed (1) to the levator of the upper lid; (2) to the 
superior rectus; (3) to the inferior rectus; (4) to the internal 
rectus; (5) to the inferior oblique; (6) to the ciliary muscle; 
and (7) to the sphincter of the iris. 

The fourth or Trochlear nerve arises from a nucleus of 
large cells immediately below the nucleus of the third nerve 
in the floor of the aqueduct. It is purely motor and supplies 
the trochlear or superior oblique muscle. 

The fifth or Trigeminus has two su 
two roots, like a spinal nerve, a larger 
nection with a ganglion termed GasgeNs ganglion, and a 
smaller motor root without a gangli Its nuclei are in the 
portion of the pons which tare floor of the fourth ven- 
tricle. The sensory part of,t erve is distributed to the 
face, the teeth, the mucous npabranes of the noseand mouth, 
and to the eye, as we shalSee later on. The motor part 
of the 5th nerve pass ainly to the muscles serving for ` 
mastication and to 4 K iecies of the palate. A branch of 
the 5th nerve term e Chorda Tympani, though efferent, 
does not supp fOiscles, but is distributed to the salivary 
glands and stitavlation of this branch causes an increased 
flow of salt 

The {th or Abducens nerve arises from a nucleus in 
the pan Above the middle of the floor of the fourth ventricle. 
It ISNA usively motor, and supplies only the external rectus 


ial origins, or 
ory root in con- 


aw 
ne) he seventh or Facial nerve arises from a nucleus in the 


OSpons, near that of the sixth, and supplies all the muscles of 
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facial expression; its paralysis or injury leads to one side 
of the face having a blank look, while the angle of the 
mouth on the same side droops. 

The other cranial nerves, i.e., the 8th or Auditory, the 
oth or Glosso-pharyngeal, the roth or Pneumogastric, the 
11th or Spinal accessory, and the 12th or Hypoglossal, are 
not concerned with the working of the eye, and we will not 
say any more about them except that the auditory nerve 
serves to the perception of sounds, i.e., is a purely sensorial 
nerve. The roth or pneumogastric or vagus nerve supplies 
the larynx, the lungs, the liver, the stomach, and branches 
of it are distributed to the heart. It is both sensory and 
motor, carrying efferent impulses to the muscles of the 
above-named organs, and inhibitory impulses to the heart. 
Amongst its afferent fibres, some convey to the nervous 
centres those impulses from the respiratory and digestive 
organs which lead to the phenomena of coughing and vomit- 
ing. Section of both pneumogastric nerves in the neck leads 
to acceleration of the heart beats, difficulty in swallowing 
owing to paralysis of the muscles of the pharynx, slow but 
deeper respiration due to paralysis of the muscles of the 
larynx. In such cases foreign particles accumulate in the 
insensitive larynx and air passages, and may ultimately give 
tise to a fatal inflammation of the lungs. The pneumo- 
gastric nerve is the only cranial nerve which supplies parts 
of the body outside the head. 

The 1ith and 12th pairs, i.e., the spinal Aor and 
the hypoglossal, are purely motor and sup the former 
some of the muscles of the neck, the ee muscles of 
the tongue, and those muscles Pete) with the hyoid 
bone. 


Functions of the Cerebellum. OR 

The functions of the cerebelo or small brain appear to 
be concerned with a proper copr Gor of the various move- 
ments of the body and to i e that in any action, such as 
standing or ae erent muscles employed may 


force. The fact is n by the behaviour of an animal in 
which the ante as been removed. The animal does 
not differ in anj@ssential respect from its normal condition 
as regards izene and special senses, such as sight or 
hearing, WS ith regard to its movements, a great difference 
is obviouSNU1 movements are clumsily performed, and there 
isat lack of orderliness or co-ordination. 


YWOsHould be observed that the work of muscular co- 
orgipation is not entirely due to the cerebellum. For 


each act at the ‘Cann nt and with the proper degree of 
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instance, the auditory nerve (8th cranial nerve) consists of 
two distinct parts, namely, the true auditory nerve which is 
concerned with the perception of sounds, and . another 
branch, often called the vestibular branch which is distri- 
buted to the semi-circular canals of the internal ear. The 
8th nerve originates from a nucleus of grey matter in the 
bulb. and the portion of this nucleus which gives rise to the 
vestibular branch of the 8th nerve is connected by a strand 
of fibres with the cerebellum. Thus, there is a path by 
which afferent or sensory impulses from the semi-circular 
canals may directly reach the cerebellum, and there be turned 
to account in the co-ordination of movements. It is not sur- 
prising, therefore, to find that the semi-circular canals, what- 
ever part they may play in hearing, play an important part 
in the co-ordination of movements. Other afferent impulses 
which contribute to the co-ordination of movements are 
muscular sensations which form the basis of the muscular 
sense, and visual sensations, as we shall see presently. 

We have stated just now that removal or injury of the 
cerebellum causes a want of co-ordination of movements. If 
one side only is removed or injured, there is an inclination 
to fall towards the opposite side through failure of muscular 
power on the injured side. It can be further ascertained 
that excitation of one side of the cerebellum gives rise to 
muscular contraction on the same side of the body. More- 
over, dissection and the observation of the path of degenera- 
tion show that the connection of the cerebe. hemispheres 
with the cerebral hemispheres is crossed ifally, disease 
of the cerebellum generally leads to a eecring gait with 
E facts enable us to 


loss of muscular power and ‘tone. 
conclude that each cerebellar hem| re is connected with 
the same side of the body but he opposite hemisphere 
of the brain, and that the unction of the cerebellum 
is to insure co-ordination oscil movements, and to 
maintain muscular energ t does not share in the higher 
intellectual functions, is destruction does not affect the 
mental faculties. @ 


Functions of the om Hemispheres. 


The functi of the parts of the brain which lie in front 
of the bulb on proper) may be inferred from the fact that 
extensive i y or removal of the cerebral hemispheres puts 
an en S Veilige and voluntary movements, and leaves 
on RJ | in the condition of a machine working by the 
reg Sons of the remainder of the cerebro-spinal system. 

ave pointed out that in the frog the movements of the 
ody which the cord alone, in thé absence of the whole of 
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the brain, is capable of performing, are complex and varied, 
but none of these movements arises from changes originating 
in the organism; they are not voluntary or spontaneous 
movements, and do not occur unless the animal is stimulated 
from without. Removal of the cerebral hemispheres is alone 
sufficient to deprive the frog from all voluntary or spon- 
taneous movements; the presence of the bulb and the cere- 
bellum renders the frog master of movements of a higher 
nature than when the cord only is left. In the latter case 
the animal does not breathe when left to itself, it lies flat, 
and, when irritated, it kicks out its legs but never jumps 
from place to place. When thrown in water, it sinks to the 
bottom, and if placed on its back it remains so and makes no 
attempt to turn over. In the former case, the animal sits in 
its natural position, breathes quite naturally, and jumps if 
stimulated. When thrown into water, it swims until it -meets 
an obstacle and turns over if placed on its back. Though all 
these movements, when they occur, are well combined and 
apparently identical to those performed by a normal frog, 
yet they are never performed spontaneously ; the animal does 
not stir unless irritated. 

- Thus, the parts of the brain below the cerebral hemi- 
spheres constitute a complex nervous machinery for carrying 
out intricate and orderly movements in which afferent 
impulses play an important part, but they do not give rise 
to changes of consciousness. The cerebral eve sos et are 


the: seat of powers essential to the producti those 
phenomena we term intelligence and will. T is evidence 
to indicate a connection between particu parts of the 


surface of the cerebral hemispheres and cular acts; thus, 
irritation of a particular spot in the 10r part of a dog’s 
brain gives rise to particular move lA fthis or that limb; 
destruction or injury of a certain art of the posterior lobes 
of the hemispheres leads to blin&Wess. The exact way in 


which these effects are brou bout is not yet thoroughly 
understood, and though w e learnt much on the subject 
in recent years, we are in the dark as to what goes on 


in the cerebral aes ir wa when we think or when we exert 
our will. There isn ubt that a molecular change in some 
parts of the TASCON A is an indispensable antecedent 
to every phenom@)dn of consciousness, and it is possible that 
future pro n physiologic science will enable us to map 
out the me according to the psychical relations of its 
eee s, but, assuming we get so far as to be able to 
prove the irritation of a particular fragment of cerebral 
subgegn e gives rise to a particular state of consciousness, 
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this will not explain the reason of the connection between the 
molecular disturbance and the psychical phenomenon. 


Nervous Energy and its Correlation with other Forms of Energy. 


As we have pointed out before, it is now well proved that 
most of the phenomena concerned with the nutrition of the 
living body are explainable by means of the laws of physics 
and chemistry, and are dependent upon the fundamental 
laws, namely, the law of conservation of energy and the law 
of indestructibility of matter which form the keystone of 
natural science. The principal categories of physiological 
action, e.g., Digestion, Assimilation, Circulation, Respira- 
tion, are readily understood as being controlled by the action 
of physical and chemical forces. When, however, we come 
to try to apply physico-chemical principles to the work of the 
nervous system, we meet with what seems at first an insuper- 
able difficulty. When dealing with the grosser question of 
chemical compounds, heat and motion, we find it easy to 
apply natural laws to the explanation of phenomena in the 
living body, but the problem is very different in the case of 
the nervous system. It is true that mental and other nervous 
phenomena have been studied for a long time by psycho- 
logists, but this study has been simply the study of these 
phenomena by themselves without a thought of their correla- 
tion with other phenomena of nature. It is only recently 
that the conception that nervous phenomena have a direct 
relation to the physico-chemical laws has een advanced. 
The first question which has to be answeretk{s hether we can 
find any correlation between nervous e Ry and other types 
of energy. For our purpose it will convenient to dis- 
tinguish between the phenomena ~ ple nervous transmis- 
sion and the phenomena of activity. The former 
are the simpler and offer the eSt hope of solution. That 
there is a correlation betwg nervous energy and physical 
energy is fairly PaT ed by experiments on different 


lines. 
The first step w find that a nervous stimulus can 
be measured at leaS\ irectly. Where a nerve is stimulated 


there passes al an impulse, the speed of propagation of 
which can þe irately measured, as we have seen in page 
52. Wher Gp impulse reaches the brain, it may give rise 
toa conso sensation, and a somewhat definite estimation 
of these required for this can be made. The periods are 
venr, of course, but are not instantaneous. In fact, 


metal operations take a longer period than simple reflex 
ins. By means of suitable apparatus, a system of 
ignalling and a method of recording extremely short periods 
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of time with tuning forks worked by an electric current, the 
time it takes for a cerebral operation can be measured with a 
fair degree of accuracy. A stimulus is applied to a nerve, 
e.g., the optic nerve or the acoustic nerve, by means of, say, 
an induction coil. The subject experimented upon gives a 
signal the instant he perceives a sensation of light or of 
sound, both the exact time of application of the stimulus 
and the time of the signal given by the subject being 
recorded on a revolving drum on which the vibrations of the 
tuning fork are also registered. The interval between the 
instant the stimulus is applied and the instant a sensation 
results and is recorded, is termed the reaction period. This 
period obviously includes the time taken by the impulse due 
to the stimulus to travel from the point of application of the 
stimulus to the nervous cortical centre along the nerve con- 
cerned, the perception by the mind and the time occupied 
by the motor impulse to travel from the cortex to the muscle 
concerned in signalling the receipt of the sensory impulse. 

The reaction period for hearing is 1-6th of a second, 
for sight 1-5th of a second, for feeling a mechanical stimulus 
applied to the skin 1-7th of a second. These figures vary, 
however, in different individuals. 

The nervous impulses can be studied in other ways. 
We know that such impulses can be started by ordinary 
forms of energy. A mechanical shock or a chemical one, or 
an electrical one will give rise to nervous energy. Now, 
these are ordinary forms of energy, and since, ae) applied 
to a nerve, they give rise to a nervous impul is logical 
to infer that the nerve is a bit of machine apted to the 
conversion of certain kinds of physical gy into nervous 
energy. Other facts point to the sa SStonclusion. Not 
only can the nervous stimulus be exped by an electric 
shock, but the strength of the oa is, to a certain extent, 
proportional to the strength of shock which produces it. 
Again, not only is it “butters electric shock can develop 


a nervous stimulus, but ersely a nervous stimulus 
develops an electric cur n a nerve at rest slight electric 
currents can be detec these currents are very weak, and 
can only be ascertafhegby most accurate instruments. Now, 
when a nerve is stitfulated, i.e., is at work, these currents 
are affected ins Qa way that they increase in intensity and 
become sige to act on a sensitive galvanometer. These 
facts prowsXWearly that nervous energy is correlated with 
other f N of physical energy. Since a nervous stimulus 
is sta by other forms of energy, and since it can in turn 
N rdinary forms of energy, we arrive at the conclusion 
& 


the nervous impulse is only a special form of energy 
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developed within the nerve. A nervous impulse is thus a 
form. of molecular disturbance, a form of wave motion 
peculiar to the nerve substance, but correlated with and 
developed from other types of energy. 

As to the activities of nerve cells, little is known at 
present. It has been found that certain visible changes 
occur in the brain cells when they are excited into mental 
activities. We shall see later on that the protoplasm of 
nervous cells contains granules of matter (Nissl’s granules) 
which are used up when the cell is active and become 
re-formed in the periods of rest. This fact, to which we 
shall refer again in the study of the retina, seems to imply 
an association between the mental side of sensation and the 
physical structure of the nervous centres. It does not, how- 
ever, prove a correlation between the two, and in the present 
state of science, the unlikeness of mental and physical 
phenomena is so absolute that we must hesitate about draw- 
ing any connection between them. 

Chemical substances of a proteid nature and rich in 
phosphorous compounds, abound in the protoplasm of a 
nervous cell, and the activity of the nervous protoplasm 
depends more on an ample supply of oxygen and the removal 
of waste matter than that of any other kind of protoplasm. 
It is doubtful whether the protoplasm of a neuron, say, in 
the brain, can act for longer than a few seconds without 
oxygen being supplied to it, and the waste product 
removed. Hence, there is immediate loss onsciousness 
if the supply of blood is cut off from th in, and if the 
quality of the blood is altered by the prges®#ce of even small 
amounts of poison, the effect is quicker 

Nervous matter is also extreme&{ensitive to shocks or 
variations of pressure. Thus apadi concussion will often 
produce unconsciousness. ([Re/activities of the nervous 
system, and especially the pee activities depend on the 
interplay between grey mattef and blood, and the limit of 
adaptation as regards supply, quality of blood and 
temperature is very In fact, nearly all the other func- 
tions of the body a a sense working towards the end of 


the adequate nugfi of the grey cerebral matter. 
Even when He cerebral hemispheres are entire and in 
full possessi f their powers, the brain gives rise to actions 


which are£s)tompletely reflex as those of the spinal cord. 
When Kids wink at a flash of light or at a threatened 
blow, flex action takes place, in which the afferent path 
is thA optic nerve, the efferent the motor oculi. When the 

1%contracts on illumination of the eye, we have again a 
Opies action, the afferent and efferent paths of which are 
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the same as before. In those cases, the reflex action pro- 
duced must be effected through the brain, since all the nerves 
concerned are cerebral nerves. When the whole body starts 
at a sudden and loud noise, the afferent auditory nerves give 
rise to an impulse which: passes to the bulb, and then 
through the spinal cord, affects the majority of the motor 
nerves of the body. 

It may be objected that these are mere mechanical 
actions having nothing to do with the operations we associate 
with intelligence. But let us consider a more complex act, 
for instance, that of reading aloud. In such a case, the 
whole attention of the mind is, or should be, bent upon the 
subject of the book, while a number of delicate muscular 
actions are going on without the reader being aware of them. 
The book is held at the right distance, the eyes are moved 
over the lines and up and down the pages, the most delicately 
adjusted and rapid movement of the muscles of the lips, the 
tongue, the throat and the respiratory muscles are involved 
in the production of speech. Perhaps the reader is standing 
up and accompanies his lecture with appropriate gestures. 
Yet all these muscular acts are performed with utter uncon- 
sciousness on his part of anything but the sense of the words 
in the book. In other words, they are reflex actions. 
Similar remarks apply to the act of playing at sight, or from 
memory, a difficult piece of music. 


Reflex Actions of the Brain. A 
The reflex actions proper to the spinal co aÑ natural 


and are involved in the structure of the co N the pro- 
perties of its constituents. By the help he brain, we 
may acquire an infinity of artificial rest actions, i.e., of 


actions which may, at first, requi ov our attention and 
volition, but which by frequent 12 ion become, so to 
speak, part of our organisation, may be performed with- 
out volition or even without conSefousness. 

Walking is a complex aa€equiring a long study on the 
part of the young child | ultimately becomes a reflex 
act; we can walk while mR ng or speaking. As everybody 
knows, it takes a lopreX\me for a soldier to learn his drill, 
for instance, to put self in the attitude of ‘‘ attention ’ 
the instant the Goi of command is given. After a time 
the sound of t on rd is enough to give rise to the act itself 
whether th er thinks of it or not. The drill is intended 
to embod tain acts in the man’s nervous structure, and 
the possjkility of all education is based upon this power the 
neryo stem possesses of organising conscious actions 
intq@pore or less unconscious or reflex operations. 
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It may be laid down as a general rule which is called 
the law of association, that if any two mental states be called 
up together or in succession with due frequency, the subse- 
quent production of the one of them is sufficient to call up 
the other, whether the individual concerned desires it or not. 
The object of intellectual education is to create such indis- 
soluble association of our ideas of things in the order and 
rotation in which they occur in nature; that of moral educa- 
tion is to unite the ideas of wicked deeds with those of 
degradation and pain, and of good actions with those of 
nobleness and pleasure. 


Phenomena Observed after the Removal of the Cerebral Hemispheres. 


We have alluded to the facts derived from observation 
of the brainless frog, and have seen that the frog does not 
move without some external stimulus being applied: all 
voluntary action has departed and the animal, if left to itself, 
will sit still till it dies from starvation. 

Fishes exhibit similar phenomena; they swim about in 
the water, but these movements are not voluntary, and result 
from the stimulus of the water in contact with the body. 

A pigeon with the cerebral hemispheres removed sits on 
its perch and balances itself perfectly. When thrown in the 
air it flies; when pinched it moves forwards. If not inter- 
fered with, it appears to be in a profound sleep, though 
occasionally it will preen its feathers or yawn. Its pupils 
contract normally, and it resists any effort made to open its 
beak, but it swallows when food is placedysQ Ws mouth. It 


performs no spontaneous movement, th wning and the 


preening of feathers being probably ref actions due to the 
irritation of the wound. xO 

When the cerebral hemispher a rabbit are removed, 
the animal is at first prostrate ier a while it can use its 
legs, though the fore ones afẹ Weak; if pinched, it springs 
forwards but, unlike the braiQ)eéss frog, it strikes itself blindly 
against any obstacle in it{@path. When pinched severely, it 
utters cries. 


In higher ani motor paralysis is so marked after 
the removal of Q mispheres that no definite conclusions 
concerning equNibtium and co-ordinated movements are pos- 


sible. At asen it would appear that consciousness is 
necessary fi Whe performance of complicated movements and 
the av ere of obstacles on the path of a brainless animal ; 
the elicited by pinching would appear to indicate a 
ARDAN of pain. Yet a careful study of these phenomena 

own that they are the result of a reflex mechanism and 
ré similar to walking during sleep or to the cries elicited 
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from a patient under chloroform. The bulb contains reflex 
centres for still more complex acts, as, for instance, the 
reflex expression of emotions, the avoidance of obstacles 
when leaping, or the co-ordination of other habitual 
movements. 

The result of the experiments on animals described just 
now are in agreement with what has been observed in the 
case of a child born without a brain, and who lived three 
years and nine months. His cerebral hemispheres were 
reduced to a thin membrane with a double wall in which 
nervous cells and fibres were entirely absent. All the rest 
of the cerebro-spinal system was normal except that the cere- 
bellum was somewhat smaller than that of a healthy new- 
born child. During the first years of his life, the child was. 
immobile in his cot; he never cried and never showed any 
desire for food, and slept practically all the time. | Every 
three hours he was wakened and was given some milk. He 
seemed to be deaf, blind and devoid of sensibility generally. 
At the end of the first year, the only change observed was 
that the child cried frequently, a fact probably connected 
with the development of the bulb, but at no time did the 
subject exhibit any psychical faculty. 


Cerebral Localisation. 


We have mentioned before that there is a connection 
between particular parts of the surface of the cerebral hemi- 
spheres and particular acts or special Bae The 
possibility thus indicated is of extreme importatée. 

The cerebral hemispheres are separated al@@g"the middle 
line of the brain by a narrow deep Poe which the 


corpus callosum passes as a bridge. {YKQ*surface of each 
hemisphere is folded into a number volutions or gyri 
separated from each other by depr s or sulci. Some 


of these depressions are deeper than others and are known 
as fissures. Of these, the most c@spicuous are the fissure of 
Sylvius, the fissure of Rolar @, the parieto-occipital fissure 
and the calcarine fissure, Gy! may be taken as roughly 
dividing the surface of XO emisphere into several lobes, 
namely, the frontal, arietal, the occipital, and the tem- 
poral. (See figs. 1Xagd 14.) 

When the suréace of a cerebral hemisphere is stimulated, 
electrically or o wise, close to the fissure of Rolando, and 
on either siden this fissure, very definite movements take 
place in NPAs of the opposite side of the body. If care 
is taken «toNlocalise the stimulation to a small area. of the 
cortex aM resulting movements are found to be restricted to 
a Kel Spondingly small group of muscles. in. the. affected 
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limb. Again, if the piece of cortex whose stimulation gives 


rise to certain movements be cut out, the animal so operated - 


upon is found to have lost the power of executing these par- 
ticular movements. The outcome of these experiments makes 
it clear that the cerebral cortex along the course of the 
fissure of Rolando is concerned in the production of 


FIG. 13. \ 


Fic. 13. LATERAL OR OUTER ASPECT OF THE LE semper: HEMISPHERE 
{after Exner). 

The surface of each hemisphere presents a 
due to the fact that it is thrown into a lar 
gyri) separated from each other by sinuous 
deep and well marked and are called fis 
termed sulci. 

The most conspicuous fissures vig the outer surface of the hemi- 
sphere are the fissure of prain oS e fissure of Sylvius, which may be 


Qiiar folded appearance, 

ber of convolutions (or 
essions, some of which are 
J while others, shallower, are 


regarded as dividing the brain s ce into several more or less distinctly 
marked lobes, namely the frontal{the parietal, the temporal and the occipital 
lobes. The fissure of Rolandg begins near the middle of the great median 
longitudinal fissure at the x and passes on the outer surface of each 
hemisphere obliquely d rds and forwards. The fissure of Sylvius 
begins on the under we of the hemisphere and passes slightly upwards 
and backwards. T ntal-lobe of the brain, subdivided into various 
‘convolutions by fissures, lies in front of the fissure of Rolando and 
above the fissur&ofJ Sylvius. The parietal lobe is limited in front by the 
fissure of Rolaado and beneath by the extreme end of the fissure of Sylvius. 
The temporaky e lies below the fissure of Sylvius and is separated from the 
occipital 1 by the almost perpendicular parieto-occipital fissure (not 
showne diagram but visible in Fic. 14). The occipital lobe, which is 
sma lies. at the posterior and inferior part of the brain immediately 
tea e cerebellum, shows on the outer surface of the hemisphere three 
cogvotutions, separated from each other by small horizontal sulci, and termed 

rst, the second and the third occipital convolution. 

The calcarine fissure does not show on -the outer surface of the cerebral 
hemisphere, but is seen on the inner surface (see Fic. 14). 
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muscular movements of the limbs; hence this portion of the 
cortex is called a motor area. Further, special movements 
are associated with particular spots in this region; thus, 
stimulation of the upper part around the Rolando fissure is 
associated with movements of the leg; of the middle part, 
with movements of the arm; of the lower part, with move- 
ments of the face. A particular interest attaches to the third 
frontal convolution on the left side, as a lesion in this part 
is always associated with the loss of power of speech or 
motor aphasia, as it is called. This part is the same as, or 
is close to, the motor centre for the muscles of the tongue 
and mouth, and is known as the speech centre. In right- 
handed people, the deiicate co-ordinated movements of 
speech are regulated from that particular part of the left 
hemisphere, the corresponding part of the right hemisphere 
remaining dormant and uneducated for this work. - When 
this portion of the brain is the seat of injury, there is a total 
loss of voluntary speech. There is no loss of voice, for the 
subject can laugh and cry, and even sing, but either he is 
unable to utter any words at all or he uses wrong ones, 
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Fic. 14. MESIAL ASPEC Gy RIGHT HEMISPHERE (after Exner). 
The diagram shows a lo ere beginning below and running back- 
wards some distance abo ‘any corpus callosum, to terminate behind the 
upper end of Rolando’s Kye This is called the calloso-marginal fissure ; 
between it and the sugfac®of the hemisphere is the marginal convolution 
(or gyrus marginalis} tween the calloso-marginal fissure andi the corpus 
callosum is the camal convolution or gyrus fornicatus. - The posterior 
end of the callo nvolution turns downwards and then forwards under 
the name Er convolution (gyrus hippocampi). Between the 
posterior en e calloso-marginal fissure and the parieto-occipital fissure 


is the qua AS lobule, while. below this, and between the parieto-occipital 
lobule WO e calcarine fissure, is the wedge-shaped mass called the cuneate 
lobule W) uñeus. The part of the cortex immediately above and below the 


calc e fissure constitutes the cortical centre for vision. 
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speaking incoherently and unintelligibly. He may recognise 
his mistakes but cannot avoid them. In this motor aphasia 
the power of writing is often, though not always, lost, as. 
most people silently articulate the words as they write. 

Our knowledge of the existence and position of motor 
areas as derived from experiments on animals is completely 
confirmed by the anatomo-clinical method, i.e., by an 
examination after death of the brains of persons who during, 
life had exhibited symptoms similar to those obtainable by 
stimulation or extirpation of cortical areas in animals. 

Proceeding in a similar way, it has been further found 
that certain portions of the cerebral cortex are peculiarly 
concerned with the development of sensations. These 
portions are termed sensory areas, and, in their case, obser- 
vations on man are especially instructive since the subject 
can give an account of his sensations, whereas animals: 
cannot. ee 

We have pointed out that the cortical centre for vision 
is in the posterior part of the occipital lobe: this portion of 
the cortex, which we shall define more precisely later on, 
is a sensory area. A peculiar form of aphasia, termed 
sensory aphasia, is associated with injury of the cortex of 
the hinder part of the left parietal lobe, near the visual 
centre. A person affected with sensory aphasia is unable to 
recognise either spoken words (in which case the defect is 
called word-deafness) or written words (when the condition 
is termed word-blindness). A person affegted with word- 
deafness may be able to write or speal Sensible sentences, 
but he cannot understand spoken lang@pe. This affliction 
is associated with lesions of, the p ior part of the first 
temporal convolution on the tel OR. In word-blindness, 
the patient has lost the power, ognise printed or writter 
words, though he may see well, discriminate objects, 
and speak correctly. Th affliction is associated with a 
lesion of the cortex of the Ménder part of the left parietal lobe 
near the visual centra@We shall revert to this interesting 
side of our subje gh part of this work devoted to the 
nervous apparat NS vision. 

To sum he cerebral hemispheres, especially the 
grey matter the cortex, are the seat of consciousness, 
memory, *{@plligence, and volition. The thickness of the 
cortex y s between 2 and 4 mms., and the convoluted 
arra ent of the brain surface is evidently intended to 
in e the cortical area; this is proved by the fact that the 
a ee are less marked in the higher monkeys, still less 

ther mammals, while the cerebral hemispheres are prac- 


Ò tically free from convolutions in the lower vertebrates. 
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Relation Between the Size of the Brain and the Intellectual Faculties. 


Since the brain is the seat of psychical and intellectual 
functions, there must be some relation between the degree 
of intelligence and the degree of development of the cerebral 
hemispheres. Observation shows that the cerebral mass is 
quantitatively in proportion to the intellectual faculties. This 
conclusion is justified by the figures of the following table 
established by Leuret, a distinguished mental specialist of 
French nationality. Taking the weight of the brain as 
unity, the average total weight of the body is :— 


In fishes ... Me A 5,608 
In reptiles we sso th V eeN 
In birds ... Pi e s 212 
In mammals es ee 106 
Tn aa hence. iada ; 35 


The weight of the cerebrum of the average human being 
of the white race is 1,300 to 1,360 grammes (i.e., 46 to 48 oz.) 
out of which about 1,200 grammes (or 42 0z.) represent the 
weight of the brain proper or cerebral hemispheres. In 
subjects belonging to the negro race, the weight is usually 
70 to 80 grammes less than in the white race. Besides, most 
of the men of high intellectual powers have a large brain. 
Well-known instances are those of the. anatomist Broca, 
whose brain weighed 1,484 grammes, of the poet Schiller 
(1,785 grammes), of the naturalist Cuvier (1,830 grammes). 
The brain of Lord Byron is said to have had a v eel of 2,230 
grammes, but this figure is doubtful. Therese; however, 
many exceptions; men of high abilities, wi brain some- 
what below the average; in those cases, xO ain was found 
to be exceedingly rich in convolutions o conclude, it is 
impossible to ascertain the degree EN telligence in terms 
of the mere weight of the brain, he reason for this is 
that while a great part of the bral mass is concerned 
with psychical functions, a pas, ‘the extent of which ‘is not 
known very exactly, is undo Aty related to purely corporal 
functions. However, NNA ject belonging to the white 
race whose brain weigh& ess than 1,000 grammes, can be 
classified as a me defective individual or an idiot. 
Observations by thesAnatomo-clinical method have shown 
that the reductietOof the cerebral substance in micro- 
ancephalia or,Rucrocephalia is always accompanied by a 
proportio GS of intellectual function. 

It sh be borne in mind that only lesions of the 
cerebra hemispheres are followed by mental troubles; a 
lesi NOF the bulb or the cerebellum does not affect the 
intetpetual faculties. 
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From what is said up to now, it is clear that, viewed 
broadly, the brain is a mass of white matter with various 
nuclei or ganglia of grey matter deeply embedded into it, 
and with a sheet of grey matter, about one-fifth of a square 
metre in area, and between 2 and 4 mms. thick, covering the 
folds, fissures and convolutions of its surface. This super- 
ficial grey matter or cortex is the brain proper, i.e., the organ 
of sensation, judgment and will. The white matter beneath 
the cortex is made of fibres leading into it sensory impulses 
and leading off from it motor impulses; this white matter is 
merely a conducting mass composed of bundlesof medullated 
nerve fibres disposed in a fan-like manner between the grey 
matter of the cortex and the region of the base of the brain 
proper. This mass of white matter is known as the corona 
radiata. At the base of the brain it forms a conical sheet of 
white matter which is termed the internal capsule, which 
constitutes the main channel of motor and sensory impulses. 
The internal capsule is continued as the two cerebral 
peduncles (or crura cerebri) which traverse the pons and are 
continuous with the white columns of the bulb and spinal 
cord. This main channel gives and takes fibres to and from 
the ganglionic masses of the base of the brain, which it skirts 
or traverses, but a large portion of the fibres which con- 
stitute it passes directly, as a system of afferent and efferent 
channels between the grey matter of the cortex and the grey 
matter of the cord. This is clearly shownpy the tract of 
degeneration that has been traced from whe ortex through 
the corona radiata, internal capsule, @rebral peduncles, 
anterior pyramids of the bulb to the ee column of white 
matter in the opposite side of the c the crossed pyramidal 
tract), and to the anterior copa of the same side (direct 
pyramidal tract). A more dgtadéd’account of the connection 
of the retina with the prige visual centres, and of the 
primary centres with the-getébral cortex will be given in one 
of the next chapters. S 


Sympathetic Nervous em. 


The portida pe the nervous system we have studied so 
far is known as‘he cerebro-spinal system. We have alluded 
before to Gy mpathetic system and have pointed out that 
it is note@\veparate system, its ganglia being in connection 
with gees proceeding from the posterior root. of the spinal 
nery and that its nerves are under the control of some 
g$ of the cerebro-spinal system. From the ganglia of the 
sẹnpathetic system fibres pass to all internal viscera as well 


À, to the walls of the arteries. | 
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The sympathetic system exercises an influence over the 
greater part of the internal machinery and, to a certain 
extent, it controls the functions of digestion, nutrition, circu- 
lation, respiration, etc. A most important function of the 
sympathetic system is the control it exerts on the blood- 
vessels. We have seen that the walls of the arteries contain 
muscular fibres of the smooth or involuntary variety. These 
fibres become relatively more abundant as the arteries become 
smaller. The working of these muscular fibres is not under 
the influence of the will; we cannot make up our mind to 
regulate the flow of blood through the arteries and then 
carry out our wish. These vessels are controlled by the 
sympathetic nerves which perform their duties by a sort of 
reflex action. | Under the influence of these nerves the 
muscles in the walls of the arteries are caused to contract, 
and then the vessels themselves become smaller and the 
flow of blood in them is retarded. In ordinary conditions, 
the arteries are kept in a state of moderate contraction or tone 
by a slight nervous discharge originating constantly from a 
portion of the upper part of the spinal cord which is termed 
a vaso-motor centre. Fibres from that centre pass along the 
posterior root to a sympathetic ganglion and then to the 
arterial walls. . 

Blushing is explained in this way. Certain emotions 
first spring in the mind, i.e., in the cerebral cortex; their 
influence is extended through the bulb to the vaso-motor 
centre in the spinal cord; the activity of a centre 
diminishes, with the result that the muscles i e arterial 
vessels relax, the blood-vessels then become er, the flux 
of blood is increased, a hot flush is felt, he skin grows 
red. According to the intensity of t riginal emotion, 
these changes are localised to the c only, or extend to 
the roots of the hair, or all mes ther emotions, e.g., 


extreme terror, anger, cause the@n to grow cold and the 
face to appear pale and pin ei nder these circumstances, 
the supply of blood to th n is greatly diminished in 
consequence of an incr eG ontcaction of the muscles in 
the walls of the sma arteries whereby these become 
unduly constricted a ow only a smaller amount of blood 
to flow through thenm Sudden paleness is perhaps more 
often due to a fai of the heart’s beat, as in fainting, but 
it may also, , as stated just now, when there is no 
change eS eat of the heart. 

The above remarks show plainly the importance of the 
sympaginsyc nerves for the regulation of the blood supply 
generaNy.” If the arterial walls had no tone they would, 
BG ordinary resting conditions, be dilated to their full 
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extent, and the part they supply with blood would receive 
a maximum supply when at rest. But the organs of the 
body are never at rest for long, and when they become 
active they require an increased amount of blood. This 
could, of course, be done by an increased: activity of the 
heart, but then the whole body would receive an excessive 
supply, while what is really wanted is a localised variation 
in supply to meet the varying needs of each part or organ. 
The purpose of the vaso-motor nerves is precisely to regu- 
late the blood supply of each part or organ, according to its 
state of activity or of rest. The vaso-motor nerves act by 
carrying more or less of the same kind of impulse, leading 
to an increase or a loss of tone and hence to a lessened or 
an increased blood supply. 

We have quoted blushing as being a characteristic and 
familiar instance of the action of the vaso-motor nerves. 
Similar instances are met with throughout the whole body. 
Thus, when a muscle contracts, or a salivary gland secretes 
saliva, or the lachrymal gland secretes tears, or when the 
stomach is préparing to digest food, in each case the small 
arteries of the muscle, the glands or stomach dilate and 
flush the part with blood. The organ, in fact, blushes and 
this inner, unseen blushing, like ordinary blushing, is 
brought about by the action of the vaso-motor nerves. The 
temperature of the body is largely regulated by the supply 
of blood to the skin, and this supply is, in its turn, regulated 
by the vaso-motor nerves. Indeed, R the nervous 
system by its vaso-motor nerves is regulatygy the supply of 
blood, sending now more and now les od to this or that 
part, and many diseases, such as t in which exposure 
to cold causes congestion or inflar ion, are due to, or at 
least, associated with, a cee) a failure of this vaso- 


motor activity. K 
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The Blood and the Nutrient Tissues Generally. 


It may appear strange to describe the blood as a tissue, 
yet the description is quite justified by the fact that the blood 
is really made of solid particles, the blood corpuscles, in 
suspension in a nearly colourless fluid, the plasma. The 
blood is therefore comparable to a connective tissue, the 
matrix or intercellular part of which is represented by the 
plasma, holding in suspension an immense number of solid 
particles we have already alluded to as blood corpuscles. 
The plasma consists of 90 per cent. of water and Io per cent. 
of solid matter dissolved in it, this solid matter being chiefly 
proteids with a small proportion of fat and of inorganic or 
mineral salts. 

The blood corpuscles are of two kinds, namely, the red 
corpuscles and the white corpuscles. 

The red corpuscles are much more numerous than the 
white (about 450 times) and average in man the enormous 
number of 5 millions per cubic millimetre; it is to the red 
corpuscles that the red colour of the blood is due. When 
the blood is shed it rapidly sets into a jelly ang dots, i.e., 
is transformed into a soft and moist mass; thi 
is termed coagulation. As the process of 
on, the jelly-like clot contracts and sque 
straw-coloured fluid called serum, in wl he shrunken clot 
floats. The clot consists of thread brin in which the 
blood corpuscles are entangled. S the blood serum is 

ot 


S out of itself a 


the plasma deprived of its fib The clotting of the 
blood may be prevented by ,grfficial means, such as the 
addition of salt or by beatin with a small brush or broom 
when the fibrin will settle he hairs of the brush. 

The red corpuscles AX Only be seen with the microscope ; 
in a freshly drawn C f blood, they arrange themselves in 
rouleaux like pile coins. - Each consists of a delicate 
colourless elastit oh as with a coloured fluid content, 
which is mai Q solution of a red substance termed hemo- 
globin, 2 eae: nitrogenous compound containing iron. 
This hen bin is of the highest importance, as it forms 
a Pra dpmkinatian with oxygen, and acts as the oxygen 
carrià Df the blood. It always contains a certain proportion 


Q is gas, but when saturated with it, it becomes of a 
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brighter red colour and is then called oxyhemoglobin, 
whereas, when deprived of it, i.e., when it assumes the state 
of reduced hemoglobin, it is of a darker red. . This explains 
the difference in the colour of the arterial blood which is 
saturated with oxygen, while the venous blood is much 
darker, since its hemoglobin has lost the greater part of the 
oxygen it originally contained. 

The white blood corpuscles, often called leucocytes (to 
which we have alluded in page 15) are of irregular shape. 
Like the amoeba, they are capable of spontaneous move- 
ment, of reacting to external stimuli and also of repro- 
ducing by division. They are true cells, exhibiting the rare 
instance of a living cell retaining its individuality in the 
body of a higher being. As we have seen before, they act 
as living creatures, creeping from place to place by putting 
out and drawing in processes (pseudopodes), and taking into 
their own protoplasm particles of matter which they 
encounter on their way. At times, they pass out through 
the thin walls of the capillary vessels into the surrounding 
tissues, especially when an injurious foreign body intrudes 
in those tissues. Broadly speaking, and as we shall see 
more fully in studying the process termed inflammation, 
the white corpuscles are the scavengers of the body, and 
their function is to engulf and to remove all harmful bodies. 

The blood supplies nutriment to the cells and tissues of 
every organ of the body, obtaining this nu aa matter from 
the food digested in the alimentary canal ON further carries 
away from all parts waste material 1 is afterwards 
removed from it by the excretory or . Another function 
of the blood, performed by the eN rpuscles is to carry 
oxygen to the tissues which pn and unite it with some 
other element or compound ting in the formation of 
substances of no further ug@)Yto the body, and which are 
termed waste products. e most abundant of these waste 
products is carbonic ore The living tissues take 
oxygen from the O nd return it later on as carbonic 


acid gas. 
The blood Qing life, is in constant motion, leaving 
the heart by G tteries and returning to it by the veins via 


the Se ssels. 

t go into details in the subject of the working 
of RS and we refer the reader to one of the text-books 
of phology mentioned previously. For our present pur- 

we shall merely describe the heart and the circulatory 


A s generally, insomuch as the subject is concerned 


ith our work. 
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The Heart and the Circulation of the Blood. 


The heart consists of four chambers, two on either side, 
the right and left auricles or upper chambers and the right 
and left ventricles or lower chambers. One auricle or one 
ventricle does not communicate with the corresponding one 
on the other side, but each auricle is in communication with 
the corresponding ventricle by a valve which opens from 
above downwards, i.e., allows the flow of blood to pass from 
an auricle into the ventricle on the same side but does not 
permit a flow in the opposite direction. The venous blood, 
i.e., the blood which has performed its purpose of nutrition 
in various parts of the body, flows into the right auricle 
through the superior and the inferior vena cava. Thence it 
passes into the right ventricle through the communication 
valve and the contraction of the walls of the right ventricle 


_ pumps the blood into the lungs via the pulmonary artery. 


In the lungs, the venous blood gives up its carbonic acid 
gas as well as some water in the form of steam, and takes 
from the air a corresponding amount of oxygen. As already 
pointed out, in the lungs, like in any other organ of excre- 
tion, the blood and the air breathed in are only separated 
by an exceedingly thin porous membrane through which 
the double flow of gases can readily pass. In this way the 
oxygenated or arterial blood flows back via the pulmonary 
vein to the left auricle, passes into the left ventricle through 
the communication valve and from the left vy, le it is 
pumped in the state of arterial blood, first t Se a main 
artery called the aorta and thence to all KN eries in the 
body. 


As the aorta receives all the arterial Nore title from the 
left ventricle it is, of course, the agy artery in the body, 
but as it divides into branches th sae smaller in size 
and by successive division give ae smaller and smaller 


arteries, which are distribute@¢>{o practically every part of 
the body except a few Q have been. enumerated in 


page 3. NZ 
The larger arteri ~ ve very thick. walls, which are 
made of three layers Pa thin internal lining of endothelial 
cells united at ther edges by a little cementing substance ; 
(2) a middle muda coat; (3) a tough outer coat of connec- 
tive tissue. , middle coat consists of plain, or unstriped 
fibres, AAN elastic fibres. The outer coat also contains 
elastic fibr&sS intermixed with the connective tissue fibres. 

gN pmen or. bore, i.e., the internal diameter of arteries, 
varies fom about 3 mms. in the aorta to a little more than 
igo in the smaller arteries. 
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The smallest arteries gradually lose their outer and 


middle coat, and later become so small that their internal 
diameter is only about 1-1ooth of a millimetre, there being 
left only the inner layer of epithelial ceils to form their 
exceedingly thin walls. These vessels are called capillary 
vessels and it is whilst passing through them that the arterial 
‘blood gives up to the surrounding tissues its nutriment 
(derived from digestion) and its oxygen (derived from 
respiration). It receives, at the same time, the carbonic acid 
gas and the other waste products and thus becomes venous 
blood again. 

There is only a thin membrane separating the blood in 
the capillaries from the surrounding tissues and fluids, and 
this readily permits of diffusion, the nutritive material in 
‘solution or in suspension in the blood as well as the oxygen 
carried by the hemoglobin of the red corpuscles passing 
from the capillaries into the surrounding tissues while the 
‘waste products pass into the blood from the same tissues. 

The capillary vessels increase in size owing to the fact 
that many join together and hence the volume of blood car- 
ried becomes greater. The thin walls. of the capillaries 
become strengthened by additional coats, and the vessels 
‘become veins. These unite to form larger ones, which in 
their turn unite again, until near the heart there are only 
two large venous trunks called the venæ cave conducting 
the venous blood into the right auricle. Thence the venous 
blood passes into the right ventricle, frop\ which it is 
pumped via the pulmonary artery into t gs, in which 
it gives up its carbonic acid gas and tal@3“up oxygen, thus 
returning to the left auricle in the ieee of arterial blood. 
From the left auricle it passes inte@é left ventricle, which 
again pumps it once more thr Nihe whole body. 

Exactly as each auricle unicates with the corres- 
ponding ventricle bya valve hich allowsa flow of blood from 
the auricle into the ventricl(Dut not in the opposite direction, 


in the same way the op gs into the heartof the pulmonary 
artery (in the right icle) and of the aorta (in the left 
ventricle) are gua by valves which allow of the flow of 


the blood in one @èction only, i.e., from the heart and not 
into it. Disedsed or malformations of these valves cause a 
regurgitati f blood in the wrong direction and constitute 
what is t d in medical work a valvular disease. 
Wre pointed out before that the aorta and the larger 
arten hich arise from successive branching of this main 
artérial trunk contain so much elastic tissue in their walls 
they act really as elastic tubes, this elasticity playing a 


Ost important part in the work of circulation of the blood. 
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| 
The walls of the four chambers of the heart are of muscular | 
nature, and are thicker-and therefore more powerful in the | 
case of the ventricles, especially the left one; than in the | 
case of the auricles. The sudden contraction of the walls. | 
of the left ventricle is sufficient to cause the arterial blood | 
it contains to flow into the aorta and thence into the various. | 
arteries, but if those vessels: were merely rigid tubes, the 
effect of contraction’ of the left ventricle would not be 
sufficient to propel the blood as far as the capillary vessels. | 
The elasticity of the arterial walls plays an important part 
in this propelling. When a mass of blood enters the first 
portion of the aorta, the vessel dilates in that portion owing 

to its elasticity, then it relaxes, and thus squeezes the blood 

into the next portion, since a flow back to the heart is pre- 

vented by the valve fitted at the entrance of the aorta in the 

. left ventricle. A similar effect occurs in the pulmonary 
} 
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artery, which proceeds fromthe right ventricle. In elderly 
subjects, or in those cases in which the arterial walls lose 
. their elasticity- and become more or less rigid tubes, the 
| circulation of the blood is considerably hampered; the con- 
| dition is termed arterio-sclerosis, which means hardening 
with a corresponding loss of elasticity in the arterial system. 


Blood Pressure. 


During normal life the arteries are always so full of 
blood that their walls are in a statė of tension, which gives. 
l rise to what is called the blood pressure. This 4g\shown by 
l the spurting out of blood when a large artery% ctt. The 
| blood pressure can also be ascertained by Ang a vertical 
| tube in an artery when, in the case of a laNg% artery near the 
heart, the blood will be forced up abou eet, or 1.5 metres. 
. Just as the blood is hia Tee nas the internal wall 
of the larger arteries, the latter & to the elastic fibres 
l they contain, press with equal Rurce upon the contained 
blood, thus squeezing it onwards towards the capillaries 


. since it is prevented from z g back into the heart by the 


closure of the valve. Ąt contraction of the left ventricle 
l more blood is forced the already distended aorta and 
| the arteries Branchen 5 trom it, stretching these vessels still 
more, and this ex expansion travelling along the arterial 
| system constity@s what is known as the arterial pulse or 

simply the pis 
| The © wave travels at the rate of about 9 metres (or 
| 30 feet) Ņ second, but does not aş a rule extend to the 
i capillaÑes and to the veins, being extinguished by the 
fric NQ the blood has to overcome, especially from the 
8 ter sectional area of the capillaries. In the capillary 
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vessels, and in the veins which derive from the capillaries, 
the jerky arterial pulse is converted into a steady and con- 
tinuous flow. 

The fact is shown by cutting a vein, even a large one; 
the blood does not spurt out in an intermittent way as is the 
case in a section of an artery, but flows in a continuous way. 

The left ventricle of the heart in a state of health con- 
tracts about 72 times per-minute, as is evidenced by the pulse 
rate, and during each contraction of the left ventricle the 
arterial pressure is necessarily raised. The blood pressure 
is greatest in the large arteries, diminishesas the calibre of the 
arteries diminishes, is still less in the capillaries, and least 
of all in the veins. A flow back of the blood in the veins is 
prevented by a peculiar arrangement of valves all along the 
vessels, these valves being in the form of pouches or pockets 
which allow the blood to travel through the larger veins to 
the right auricle of the heart, but do not permit a return 
of venous blood towards the capillary vessels. 

To sum up, the blood circulates in a system of tubes, the 
smallest (the capillary vessels) being so numerous as to form 
a close network in almost all tissues of the body. These 
capillary vessels have exceedingly thin walls composed of 
only a single layer of flattened cells, united at their edges. 
Through their thin walls oxygen and part of the blood 
plasma pass by diffusion into the surrounding tissues, thus 
providing these tissues with the nutriment they require. 
The nutritive fluid thus oozing out of the capillaries and bath- 
ing the living tissues is called lymph. Ni9 important to 


understand that there is no actual cont etween the blood 
and the tissues, but that the thin brane forming the 
walls of the capillary and separatig@the two allows of the 


diffusion of the lymph which a the part of middleman 
between the blood and the R The various anatomical 
elements of the tissues are iis bathed in lymph from which 
they take up nutriment whNe they excrete into it their waste 


products. Q 
Lymph and ramah Gee 
¿ 
From the Jr account of the work of the circulatory 


apparatus we given, it follows that lymph plays a great 
and oa part in the process constituting the nutrition 


of the bo enerally. 
is a colourless fluid chiefly made of water and 
contak hi in solution, like the blood plasma, proteids, carbo- 


hydrates and mineral salts, though the proteids are some- 
less and- the water more in proportion than is the case 
on the blood plasma. Lymph also contains some white 
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corpuscles which have passed out of the capillary blood 
vessels, but few or no red corpuscles. As well as the oxygen 
and nutritive material passing from the capillary vessels to 
the lymph in the surrounding tissues there is also a passage 
in the opposite direction of carbonic acid gas and other 
waste products from the tissues to the lymph, and thence 
into the capillary vessels and onwards into the veins and 
ultimately into the lungs via the right auricle and the right 
ventricle of the heart. 

A certain amount of the lymph bathing the living tissues 
does not find its way directly into the capillary vessels, but 
returns to the blood stream in a roundabout way. 

The excess of lymph from the blood (together with the 
white blood corpuscles it contains) which does not pass 
directly into the capillary vessels, lies in minute spaces (or 
lymphatic spaces) between the cells or fibres of the tissues, 
especially the connective areolar tissue. These spaces con- 
stitute the origin or beginning of very minute tubes 
(lymphatic vessels) which gradually unite to form larger 
and larger vessels through which the lymph is ultimately 
emptied into the venous stream a short distance from the 
latter’s entrance into the right auricle of the heart. 

Like the veins, lymphatic vessels have valves in their 
interior, the free edges of which point towards the heart, and 
the pressure caused by muscular movements thus drives the 
lymph onwards in the direction of the heart, the valves 
preventing any flow in the opposite direction. 

The lymphatic vessels of the small intestte re called 


lacteal because, beside imbibing the ordinag%issue lymph, 
they also absorb from the intestine the epQ@Nsified fat of the 
food and then, after a meal, become fill ith a white milky 


fluid termed chyle. The carbohyc Q and the proteids of 
the food, on the other hand, pass O the intestine directly 
into the blood stream throug e walls of the capillary 
vessels. 

All the lymphatic vess om the lower limbs, the lower 
parts of the trunk, the int s and the left side of the body 
finally unite into a si trunk (the thoracic duct) which 
empties into the lą € eins at the root of the neck on the 
left side. The ly atic vessels from the right side of the 
body, and from 4g right upper limbs similarly open into the 
veins on the r side of the neck. 

All 1 atic vessels, including the lacteal vessels from 
the inte y pass on their way to the thoracic duct through 
small struttures termed lymphatic glands, which are really 
factefteS for the production of white blood corpuscles. As 
thAlymph percolates through the glands it carries away with 
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it many of these new white corpuscles. Lymphatic glands. 
also act as filters, the white blood corpuscles present seizing 
and destroying any foreign bodies in the lymph such. as 
bacteria,.as we shall see presently in investigating the pro- 
cess of inflammation. 


Animal Heat and its Regulation. 


It has been repeatedly stated that heat is being con- 
stantly given off from the skin and the air passages, and. 
anything that passes out of the body carries away with it a 
certain quantity of heat. Now, it is obvious that the surface 
of the body is much more exposed to cold than its interior. 
Yet the temperature of the body in health is very evenly 


maintained at all parts and, within the range of less than two: 


degrees, it averages 37° C. (or 98.6° F.). 

This is the result of three conditions: (1) Heat is con- 
stantly being generated in the body, as we have seen before ; 
(2) it is constantly being distributed through the body; and 


(3) it is subject to incessant adjustment as regards both loss. 


and production. 

Heat is generated whenever oxidation takes place. All 
the tissues of the body are constantly undergoing oxidation, 
the living substance of these tissues built up out of the 
complex proteids, carbohydrates and fat contained in the 
food are, by means of the oxygen brought by the arterial 
blood, broken down into simpler and more oxidised bodies: 
which are ultimately reduced to urea, carbopsQ acid gas, and 
water. Whenever. life is being manifest 
changes are going on more energetica 
some tissues or in some organs, the 
every capillary vessel and every 
tissue is really a small firepl n which heat is evolved 
in proportion to the activity KD chemical changes which 
are going on. LN 

The chief seat of er at production is undoubtedly in 


fn some places, in 
in. others.” Hence, 


the muscles, which forg@grbout half the body weight, and are 


carrying on an FN dation even when at-rest; this gives: 


rise to heat, and n a muscle enters into activity or con- 


traction, the Kéayproduction is so increased as to produce 
an actual Ney its temperature. After the muscles, the liver 
d ; 


may be re ed as the next great heat producing organ. 


rent at different times, and some parts are. ‘so 
as to lose their heat, by conduction or by radiation, 


sitya 
phy easily than others. It follows that the temperature of 
ody would be very different in different parts, and at 


these oxidative: 


Hand of extra-vascular 


al activities of the different parts and organs are 
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different times if it were not for the arrangement by which 
the heat is distributed and regulated. 

Whatever oxidation occurs in any part raises the tem- 
perature of the blood which is in that part at the time, to a 
proportional extent. But this blood is swiftly hurried away 
into other regions of the body, and rapidly gives up its 
excess heat to them. On the other hand, the blood which, 
by being carried to the vessels in the skin on the surface of 
the body begins to have its temperature lowered by evapora- 
tion, radiation, and conduction, is hurried away, before it 
has time to get thoroughly cooled, into the deeper organs, 
and in them it becomes warm by contact, as well as by the 
oxidating processes there going on. Thus, the blood-vessels 
and their contents may be compared to a system of hot-water 
pipes, through which the warm water is kept constantly 
circulating by a pump, while it is heated not by a great 
central boiler, as usual, but by a multitude of minute gas 
jets, disposed beneath the pipes, not evenly, but more here 
and fewer there. It is obvious that, however much greater 
might be the heat applied to one part of the system of pipes 
than to another, the general temperature of the water would 
be even throughout if it were kept moving with sufficient 
quickness by the pump. In this way, then, the temperature 
of the body is kept uniform in its several parts. If a system 
such as we have just imagined were entirely composed of 
closed pipes, the temperature of the water might 
to any extent by the gas jets. On the other h 
be kept down to any required degree by caugt 
or smaller, portion of the pipes to be we 
which should be able to evaporate freely , for example, 
by wrapping them in wet cloths, a he greater the 
quantity of water thus evaporated, ower would be the 
temperature of the whole anparatu 

Now, the regulation of the Cyrperature of the human 
body is chiefly effected on ber of the The vessels are 


with water, 


closed pipes, but a great n er of them are enclosed in 
the skin and in the mu &) embrane of the air passages, 
which are, in a physic Soe wet cloths freely exposed to 
the air. It is the Parion from these which exercises’ 
a more important jnfifience than any other condition upon 
the regulation of\f#e temperature of the blood, and conse- 
quently, of th y. 

But, S irther nicety of adjustment, the wetness of 
the regul ds is itself determined, through the aid of the 
hervoumgystem, by the temperature of the body. The sweat 
gla AO: we have seen, may be made to secrete by impulses 
reant them along certain nerves coming from a centre 
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in the central nervous system. This centre is itself con- 
nected by other nerves with the skin, and the ends of these 
cutaneous nerves are so constituted that they are stimulated 
by heat applied to the skin. When the body is exposed to 
a high temperature (and the same occurs when a part only 
of the body is heated), these cutaneous nerves convey 
impulses to the central nervous system, from which other 
impulses are then sent out along the secretory nerves to the 
sweat glands and cause them to pour forth a copious secretion 
on to the skin, and when the temperature falls, the glands 
cease to act. Moreover, in this work of secreting sweat, the 
sweat glands are assisted by corresponding changes in the 
blood-vessels of the skin. It has been stated that the small 
arteries of the body may be sometimes narrowed or con- 
stricted, and sometimes widened or dilated. Now, the con- 
dition of the small arteries, whether they are constricted or 
dilated, depends, as we have also seen, upon the action of 
certain nerves (vaso-motor nerves). It appears that when the 
body is exposed to a high temperature these nerves are so 
affected as to lead to a dilatation of the small arteries of the 
skin; but when these are dilated the capillaries and small 
veins in which they end become much distended with blood, 
and from these filled and swollen capillaries much more 
nutritive matter passes through the capillary walls to the 
sweat glands, so that these have more abundant material 
from which to manufacture sweat. On the other hand, when 
the body is lowered in temperature the vaso-gigtor nerves are 
so affected that the small arteries of the sk{X\ate constricted ; 
hence less blood enters the capillaries e skin and less 
material is brought to the sweat glan 

Thus, when the temperature ised two things happen, 


both brought about by the naag system. In the first 
YeSwidened so that a much 


place, the arteries of the skjn 
BB Piod of the body is carried 


larger proportion of the to 
to the surface of the skin\end there becomes cooled; and 


secondly, this coolin Gtocess is greatly helped by the 
increased evaporatjgpybutting from the increased action of 
the sweat glands, NWose activity is further favoured by the 
presence in t Áh of so much blood. Conversely, when 
the temperatures lowered, less of the blood is brought to 
the skin, a ore of the blood circulates through the deeper 
hotter pa `of the body, and the sweat glands cease their 
workX@kis quiescence being in turn favoured by the 
Y blood supply); hence the evaporation is largely 
dixNinished, and thus the blood is much less cooled. Hence 

iÐ that, so long as the surface of the body perspires freely, 


Oand the air passages are abundantly moist, a man may 


a 
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remain with impunity, for a considerable time, in an oven in 
which meat is being cooked. The heat of the air is expended 
in converting this superabundant perspiration into vapour, 
and the temperature of the man’s blood is hardly raised. ` 

The temperature of the body is kept constant by that 
carefully adjusted variation in loss of heat from its surface 
which has been described in the preceding section.. But 
now we may point out that there is another way by which 
this constancy might be attained, namely, by altering the 
production of heat taking place in the body, in correspond- 
ence to the changes in the surrounding temperature; just as 
the temperature of a room may be regulated by putting out 
or increasing the fire as well as by opening or closing its 
windows. The question thus raised is very interesting, but 
it is also very abstruse, and we must not do more than just 
touch upon it. 

All oxidation in the body involves the consumption of 
oxygen, the production of carbonic acid and the generation 
of an exactly corresponding quantity of heat. We may, 
therefore, take the difference in the amount of oxygen used 
up (and of carbonic acid produced) at different times as a 
measure of the amount of heat being produced in the body 
during the same periods. Working in this way it is found 
that when a warm-blooded animal is exposed to cold, as 
when it is put into a chamber which is cooled, it uses up 
more oxygen and gives off more carbonic acid than when 
put into a warm chamber. But this can only ae that in 
the cooler surroundings the animal produces On heat than 
when the surroundings are warm. roe e may point 
out, as tending to the same conclusion our desire for 
food is greater, on the whole, in the a winter time than 
in the warmer summer, since all Te xidised in the body 
and during this oxidation gives O heat. Thus there 
are reasons for supposing that in certain limits altered 
production of heat may play gre part in keeping the tem- 
perature of the body consta 

All the functions 
studied have been see 
impulses. We may, 


body which we have so far 
pe under the guidance of nervous 
refore, suppose that the production 
of heat is no exception to the rule, and, indeed, there 
are reasons, baj Pargely on experiment and partly on the 
phenomena, rtain diseases, which justify this view. 
More tha we must not say. 

The N NES ve to which the name of fever is given is 


9 


R, ised essentially by the temperature of the body 
ler ae is usual in health. Thus it may rise to as 
es as 41° Co(105 8°) or occasionally even above this 
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point, and there has been much dispute as to how this high 
temperature arises. By many it is regarded simply as the 
outcome of a disturbance of the mechanism by which heat is 
lost to the body, some diminution in loss of heat leading 
naturally to a rise of temperature, and probably this is the 
most common cause of the rise of temperature. But on the 
other hand, direct measurement shows that a fevered person 
often gives off more heat than usual, and at the same time 
uses up more oxygen and produces more carbonic acid and 
urea than is usual. In such cases there is no doubt that 
the abnormally high temperature is largely due to an over- 
production of heat. 


The Ductless Glands. 


body which are so hidden as not to be at all evident to a 
superficial examination, yet these processes are of the utmost 
importance. In recent years a remarkable discovery has 
been made with regard to certain organs which had up to 
then been a puzzle to physiologists and were mainly regarded 
as remains of active organs rendered unnecessary by the 
process of evolution and adaptation of the organism to the 
surrounding conditions. Such organs are: (a) the suprarenal 
bodies which are found immediately above the upper end of 
each kidney; (b) the thyroid body or thyroid gland, a mass: 
weighing about 30 grammes and located under the thyroid 
cartilage or the larynx (or Adam’s apple) eu the 
form of a crescent embracing the larynx e upper part 
of the windpipe; (c) the thymus gland, Mth is in the neigh- 
bourhood of the thyroid body, in fro the windpipe; (d) 
the pituitary gland in the lower mc) of the brain; (e) the 
spleen, lying on the left side ofKe)stomach; and (f) various 
organs now known to "cme e‘lymphatic system such as 


the lymphatic glands, the sils and the glands of Peyer 
found in the walls of the JoWér portion of the small intestine. 


All these organs anatomically in having the usual 
structure of glands hereas ordinary glands have one or 
several ducts or ls through which their secretion is 
poured out, th e ones have no duct, and for this reason 


are often terms ductless glands; they are only connected 
with the r f the organism by their blood-vessels. That 
they play@p important part in the physiological work of the 
body.ig\Mlearly shown by the accidents following their 
rem The products elaborated by these ductless glands 
ak led internal secretions. We are going now to study 

jefly some of the most important features of the ductless: 
glands and their internal secretions. 


There are not a few processes occurring in the living 
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(a) The suprarenal capsules were at one time thought 
to have something to do with the formation or modification 
of pigment, and this is probably true, since in the curious 
disease called Addison’s disease which is characterised by an 
excessive bluish black pigmentation of the skin, as well as 


| with various nervous troubles, there is always an insufficiency 
jof the capsular internal secretions. 


An animal in which the suprarenal capsules are removed 


jalways dies, but before this happens various nervous troubles 
jare observed, the muscles become weaker, assume a flabby 
Jappearance, and finally are paralysed altogether. The 
Įsymptoms thus created by the removal of the suprarenal 
įcapsules are similar to those due to poisoning by curare, 


the substance used by Indians to coat the ends of their 
arrows and spears. 
The purpose of the capsules seems therefore to be the 


secretion of an antitoxin which neutralises the toxin or 
|poison produced in a muscle when at work, 


A crystallisable substance of complex chemical composi- 
tion, called adrenalin, has been discovered in the secretion of 
the capsules, and can now be produced synthetically in the 
laboratory. 

Adrenalin has the effect of stimulating non-striated or 
smooth muscular fibres and therefore of constricting most 
energetically the calibre of the small arteries, the coats of 
which are supplied with smooth muscular fibres. As the 
heart beats are not affected, it follows that after injection 
of a minute amount of adrenalin the pressur ie blood 
in the larger arteries will be much increa a condition 
favourable, within certain limits, to a vi is circulation. 

Since every 1,000 grammes of n 1 blood contains 
about the thousandth of a milligr of adrenalin, and 
since this proportion increases w Ce lood pressure tends 
to diminish owing, for instance fright or to some other 
emotion, it is logical to conclude’ that the adrenalin of the 
normal blood, secreted H suprarenal capsules, inter- 
venes to keep the blood ire at its normal level. 

Owing to its cons Ae effect on fine arteries, adrenalin 


is used medically Ae) owerful styptic (i.e., astringent) by 
{which bleeding ma arrested 


Beside the Weye property, adrenalin acts as a stimulant 


jof the sympati{ejic nervous system. In any case in which 
ithe moder power of the vagus or pneumogastric nerve 
}(1oth ner 


is increased, there is a hypersecretion of the 
supraregl capsules, i.e., an increase of adrenalin in the 


| blooXw ich acts on the sympathetic ganglia to counter- 


bal@yce the moderating or inhibiting effect of the vagus. 


we 


N 
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(b) The thyroid body or thyroid gland also plays an 
important part in the general nutrition of the body. Its. 
excessive development constitutes the condition known as 
goitre. 

The removal of the thyroid gland in dogs causes partial 
paralysis, then convulsions, during which the temperature 
of the body is raised and the secretion of urine very reduced. 
The animal soon dies though young ones may survive, but 
then their bodily development is considerably slowed down. 
After eight months, a young dog or a young sheep sub- 
mitted to the operation only reaches about half the size of 
the normal animal of the same age, and presents all the 
symptoms of the condition known in the human being as 
cretinism or imbecility. 

It is a fact known for a long time that the removal of a 
goitre in the human being has very far-reaching effects; if 
the operation is performed in children the growth of the body 
and the development of the intellectual faculties are arrested, 
the subject becoming affected with cretinism. In adults, the 
face becomes puffy, and assumes a vacant appearance, the 
hands increase in size, the hair falls off, and the cerebral 
faculties diminish to such an extent that in a few years the 
subject becomes an imbecile. In some cases he dies from 
tetanic convulsions. These examples show that there is 
undoubtedly a connection between the atrophy or the 
removal of the thyroid gland and the growth of the body 
as well as the development of the intellect faculties; the 
exact relationship is not known at presen tit is probable 
that in the absence of the thyroid gl the organism is 
poisoned by toxins generated in the lar elements of the 
body. This is proved by the fa t the urine of a dog 
whose thyroid gland has been ved is much more toxic 
than that of a normal animgl\¢he purpose of the thyroid 
gland is no doubt the s ion of an antitoxin which 
neutralises the toxins as fgey’are being formed. It has been 
found that the thyroi dy secretes a chemical substance 
termed thyroidin wo@#<contains iodine, and which has the 
property of destr g the mucinoid material which is so 
apparent in th the hands and in most parts of the body 
in those subject8’in which a goitre, i.e., the thyroid gland, 
has been pawdved. 

At vents, atrophy or removal of the thyroid gland 
“ihe same symptoms as a curious disease called 
ema, i.e., muscular weakening, infiltration of the 

lar tissues by a mucinoid matter together with anaemia 
eficiency of red blood corpuscles. As the convulsive 
ccidents occurring after removal of the thyroid gland are 


— 
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not observed in subjects affected with myxcedema, the infer- 
ence is that the thyroid gland has other functions. still 
unknown. Myxoedema is curable by administration of raw 
thyroid gland or powdered thyroid gland, or again, of 
thyroidin extracted from the gland of the sheep or some 
other mammal. The same treatment has proved satisfactory 
to accelerate the bodily and intellectual development of 
backward children. 

(c) The thymus is another glandular organ in the neigh- 
bourhood of the thyroid, in front of the windpipe and behind 
the breastbone or sternum. It is formed of two distinct 
lobes, each of which is made of small glandular masses 
joined together. It constitutes what is called sweatbread in 
young ruminating animals. It is highly developed in 
children and gradually diminishes in size in the adult, some- 
times disappearing altogether and being replaced by a mass 
of ordinary fatty tissue. Its functions are not well eluci- 
dated. As a rule, those animals in which it is removed have 
their normal development and growth considerably slowed 
down, but after a time the regular growth resumes its 
ordinary course. 

Extract of thymus gland absorbed in the system, either 
through the mouth or by hypodermic injections, causes a 
lowering of the b'ood pressure and an acceleration of the 
heart beats. 

(d) The pituitary body or pituitary ISI been 
already mentioned (page 63). It seems to ex influence 
on the growth and development of bone, all cases in 
which it has been possible to remove it ious troubles of 
general nutrition similar to those nove Nou the removal 
of the thyroid gland have been ed, hence the con- 
clusion that the functions of thes o ductless glands are 
probably similar. A morbid copaition of the pituitary gland 
gives rise to the curious djséeSe termed acromegaly, in 
which, beside nervous sy ms and a peculiar kind of 
ocular trouble, to whic “Shall refer later on, there is an 
enormous ERSTE the bones of the face, the hands 
and the feet. 

(e) The spleen\g the largest of the ductless glands; it 
weighs about 2 rammes, is red in colour, of oval shape, 
and located OF abdomen on the left of the stomach. 


It has nox unication with the digestive apparatus, and 


is attachè Ato the stomach and to the diaphragm by folds 
of a pega (the serous membrane in the form of a 
cles@)sac the two laminz of which surround, invest and 
P all the viscera of the abdominal cavity). 
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The spleen is externally covered by a strong fibrous 
capsule, and passing from this capsule in all directions into 
the interior of the organ are partitions or septa of connective 
tissue and unstriated muscular tissue dividing the gland into 
numerous compartments. These are filled with spleen pulp 
consisting of a network of fine fibres in the meshes of which 
are numerous granular or pigmentary corpuscles and red 
blood corpuscles. 

The spleen receives a considerable quantity of arterial 
blood out of all proportion with its size; the splenic artery 
has an internal diameter of 1 c.m. at the point it enters the 
gland; this artery breaks up into branches like the twigs of 
a tree; there are no capillaries in the spleen, the arterial 
blood merely permeating the pulp; from the spaces in which 
the pulp lies, veins originate which by confluence ultimately 
form the splenic vein which carries the blood that has passed 
through the spleen into the liver and thence into the general 
venous stream. 


The physiologic purpose of the spleen has long been 
unknown, and various philosophers attributed to this gland a 
psychologic function, but differed in the nature of the 
function itself; thus in English, the term spleen is associated 
with a melancholic and depressed outlook, while there is a 
French idiom, ‘‘ se dilater la rate ” (or to dilate one’s spleen) 
which is equivalent to uproarious laughter. 


It is ascertained now that in the youn ee is the 
organ in which both the red and the whi Ae uscles of the 
blood are formed, while in the adult function of the 
spleen is merely reduced to the d ction of effete red 


corpuscles. xS 

A careful microscopic exa on shows that the pulp 
is almost entirely composed w cells in which it is possible 
to recognise the differentiateC—Qelements of the blood, in other 
words, some of these ce@y are ordinary white corpuscles, 
while the others, of a ish tint, may be regarded as young 
red corpuscles in p s of formation at the expense of the 
white corpuscles» (he development of the spleen has been 
carefully studieAjA lower animals. At the outset the gland 
is simply a+G@gss of colourless cells of mesodermic origin 
enclosed in@ hetwork of connective fibres in which the blood 
finds i Oy. The cells gradually separate from the mass 
to w they originally belonged, become loaded with 
he lobin and thus are transformed into real red blood 
È cles, which fall in the blood stream ; others remain in 

e state of white blood corpuscles. 


PRO) 
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Though a similar observation has not been made in 
mammals, yet two facts are proofs that the same mechanism 
is at work: (1) if one stimulates the nerves distributed in the 
spleen the blood which issues from the gland is much richer 
in red corpuscles than it is in ordinary conditions; (2) the 
extirpation of the spleen in a dog causes a diminution in the 
number of red corpuscles in the blood. Moreover, the 
splenic pulp of the adult shows the presence of distorted or 
fragmented red corpuscles sometimes reduced to the state of 
mere pigmentary granules. This would support the theory 
that, in the adult at least, the spleen is the organ in which 
used up red corpuscles are destroyed while, on the other 


hand, the formation of these corpuscles is most intensive in 


the young. 

The pulp contains curious masses of lymphoid tissue 
called Malpighian corpuscles, which are closely connected 
with the branching blood-vessels. These corpuscles become 
gradually converted into white blood corpuscles. 


(f) The tonsils or amygdales are two small fleshy masses 
located on each side at the back of the pharynx. They are 
formed, like all other ductless glands, of cells embedded in 
a network of connective tissue. The part they play in the 
physiological work of the body is, however, of small import- 
ance, since they can be removed with impunity when their 
excessive development is an obstacle to the properyperform- 
ance of the movements of deglutition or niga with 
respiration. The extirpation of the tonsils in cases has 
never been accompanied by troubles of nuon or by dis- 
tressing nervous symptoms. xO 


Chemistry of the Body. ; OX 


To conclude our brief surve Ki the physiological work 
of the human organism, we ab) say a few words on the 
chemistry of the body gener 

It is a well-known fac matter, whether it occurs in 
the solid or the liquid Ñ e gaseous form, is made either 
of elements, i.e., ofs¥stances which cannot be resolved 
into simpler substances by any chemical or physical process, 
or of compound 9 combinations which are formed by the 
chemical unio two or more elements. 

There A between eighty and ninety elements known to 
the chemi ourteen of which enter into the composition of 
the hu body. These are Oxygen, Hydrogen, Carbon, 
Nitr, , sulphur, Phosphorus, Chlorine, Sodium, Potas- 
siy Calcium, Magnesium, Iron, Fluorine, and Silicon, the 
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first four forming about 85 per cent. of the whole bodily 
frame. Other elements, such as Manganese and Lead, are 
occasionally found, but only in very small quantities. 

Oxygen and nitrogen may occur in their free state dis- 
solved in the blood, though they are more often found in 
combination with other elements in the various tissues of the 
body. Likewise, hydrogen is occasionally found in the 
intestines as the result of some putrefaction process, but in 
a general way the main chemical elements of the body are 
always united to form chemical compounds or combinations. 

These compounds or proximate principles, as they are 
termed in physiology, are either (a) Mineral or Inorganic 
Compounds, or (b) Organic Compounds. 

The first class includes, beside the elements themselves, 
acids such as hydrochloric acid and salts such as calcium 
carbonate or calcium sulphate. Water, i.e., a combination 
of oxygen and hydrogen, in the proportion of two atoms 
of hydrogen for one atom of oxygen, belongs to the category 
of inorganic compounds. 

The second class includes numerous complex com- 
pounds of oxygen, hydrogen, and carbon, with or without 
nitrogen. 

In what follows we shall briefly describe the most impor- 
tant amongst the inorganic and organic compounds 
occurring in the human body. 


Chemical Elements and Inorganic Compounds. A 


Oxygen (O) is an invisible gas, foking about one-fifth 
of the total volume of the atmosphę:ręN ` It presides to com- 
bustion, and is absolutely neces for animal life. It 
occurs in its free state in t passages of the lungs, 
whereas in the blood it for O se and unstable combina- 
tion with the hemoglobinXef the red corpuscles; these 
corpuscles act as the caret of oxygen to all parts of the 


body in which this el t is liberated so as to serve to the 
oxidation or com of the tissues, as we have seen 


before. NY 
Nitrogen cps an invisible gas forming about four- 
fifths of the Sefal volume of the atmosphere. We say 
efe fresh pure country air contains in every 100 
parts in Quüme, 20 parts of oxygen, 79 of nitrogen, together 
wit Għall fraction, 0.04, of carbonic acid gas, and a 
vari quantity of water in the form of steam. The 
eaa ie of Lord Rayleigh have shown that the air also 
ntains a small proportion of another gaseous element he 
called Argon (which means the lazy one), an inert substance 


“ about 
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which is reckoned here with nitrogen. The fact that argon 
had escaped observation of chemists until Lord Rayleigh 
discovered it is explained by its lack of any tendency to 
combine with other elements. 

Nitrogen occurs free in the air passages, and is dissolved 
to a very slight extent in the blood. In combination with 
other elements, it forms the greater part of the substance of 
the body, many of its compounds being of the utmost 
importance, as we shall see presently. 

Hydrogen (H) is a light, invisible and combustible gas. 
A little free hydrogen is occasionally found in the intestines 
arising from the fermentation of certain food products, but 
it mainly occurs in combination with other elements, and is 
present in many of the constituent parts of the body. 

Carbon (C) is a solid element existing in a variety of 
forms; for instance, blacklead or graphite and diamond are 
natural conditions of carbon, while charcoal is an artificial 
form. When carbon burns, it unites with the oxygen of 
the air and forms carbonic acid gas or carbon dioxide (CO:). 
Carbon exists in a number of combined compounds in almost 
all tissues of animal and vegetal beings, but it does not occur 
in the body in its free state. The oxidation or burning of 
carbon compounds in the tissues of the body liberates a 
certain amount of heat, as we have pointed out before, and 
results in the formation of carbon dioxide as one N the most 
important waste products of life. 


The other elements of the body, beside th Q we have 
just mentioned, are only found in ampl gR ínts and not 
in their free stale, but in combination wi o elements. 


It should be remembered that air i B of oxygen 
and nitrogen, with a small proporti S carbonic acid gas 


and of argon 

The inorganic compounds oy body are water; acids, 
such as hydrochloric acid, a ination of hydrogen and 
chlorine which exists in sag duantity in the gastric juice, 
and plays an important& Ýn digestion; salts, as calcium 
carbonate and calcium opiate which form the mineral 
part of bone oe oride or common salt, a combina- 
tion of sodium a alorine which is found in the blood 
serum and in other liquids of the body. 


Water,, bination of oxygen and hydrogen, is found 
in grear N aller proportion in all the living tissues, and 


forms ahoW two-thirds of the weight of the whole body. 
yy inorganic salts, beside those stated just now, exist 

in sheWody, but only in small quantities. When a body is 

died various compound gases, chiefly carbon dioxide, 


wh 
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ammonia and watery vapours are formed, and escape into the 
atmosphere, whilst the ashes which remain are mainly com- 
posed of the incombustible inorganic salts. 


Organic Compounds. 


Every separate living organism, animal or vegetal, is 
formed of various substances or tissues made of cells and 
fibres (which are merely elongated cells). These anatomical 
elements, which may be regarded as having an independent 
life, build up living matter out of the food supplied to them. 
In the case of plants, this food consists mainly of the simple 
inorganic substances found in the soil, and of the carbon 
dioxide of the atmosphere from which the carbon entering 
into the composition of the cells is obtained. In other 
words, plants live on simple inorganic materials derived 
from the soil and the air, and convert them into those 
complex organic substances which form their tissues. 

On the other hand, man and other animals cannot 
convert inorganic materials, except water, into the living 
substance of the body, and therefore they must feed on the 
organic substances formed by plants or supplied by the 
tissues of other animals that have lived on plants. 

The organic compounds of the body belong to three 
great groups, namely, proteids, or albuminous bodies, carbo- 
hydrates and fats. 

The proteids are complex nitrogenous bodies containing 
carbon, hydrogen, oxygen and nitrogep with a small 
variable amount of sulphur. 

The varieties of proteids are m but they have a 
point in common, namely, that th ntain nitrogen, and 
are the only class of food proms s which contain this 
element. Living tissues req itrogen for growth and 
reparation processes and, fer reason, proteids are often 
called tissue builders. Taghean also be used as fuel, being 

carbonic acid gas and urea, 


oxidised to produce w 
though the chief fuel ohea producing ingredients of food 
ts 


are carbohydrates ug A 
Proteids occa a semi-solid, viscous condition, or in 
al 


solution, in ney | the solid and liquid parts of the body. 
They are mos®4bundant in the lean meat of all animals, 
the white eges, and in some vegetables like peas and 
beans. the exception of the hemoglobin of the red 
bloog\wSrpuscles (which is really a compound of a special 
fornNt proteid called globin, with hematin) they are all 

rphous or non-crystallisable. They are insoluble in 


; ohol and ether. Some are soluble in water, others are 


insoluble, but most of them are soluble in weak solutions 
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of neutral salts (like sodium chloride or common salt and 
magnesium sulphate); a tew of them are only soluble in 
concentrated saline solutions, 

= Proteids are never absent from the protoplasm of active 
living cells, whether animal or vegetal, and they are inti- 
mately connected with every manifestation of organic 
activity. 

As we have stated before, in plants the proteids are 
built out of the simpler chemical compounds of the soil and 
the atmosphere. In animals, such a direct synthesis never 
occurs, the proteids being derived directly or indirectly from 
plants. By the action of certain digestive juices, all pro- 
teids are capable of being converted into closely allied sub- 
stances called peptones which, after absorption, undergo a 
reconversion into proteids. 

An important property of proteids is that they are non- 
diffusible, i.e., they belong to the category of substances 
which cannot pass through an animal membrane and are for 
this reason called colloid substances by contradistinction 
with crystallisable solutions which are readily diffusible. 
Peptones are, however, diffusible. The term albuminoid is 
restricted to denote certain nitrogenous substances closely 
allied to proteids though differing from them in some 
respects. We have stated before that all connective tissues 
yield gelatine on being boiled in water. The gelatine thus 
obtained sets in a jelly when the solution in hot \water is 
allowed to cool. Gelatine is an instance of an minoid 
substance. Other instances are mucin and chosen Mucin 
is the albuminoid that forms the secr of certain 
epithelial cells; it is the chief constit `of mucus and 
gives its sliminess to the secretion of Kons membranes. 


Chondrin is the albuminoid formed f(on Qartilage on boiling 
it with water, and is Be Gay oa of mucin and 
gelatine. Another variety of Adi is keratine, the 


highly insoluble substance whj eae the protoplasm in 
the surface cells of the epid@fyiis, in nails and in hair. 
Though gelatine is igested, being converted into 
a peptone-like body whjeNs readily absorbed, yet it will not 
entirely replace hs ids> but only acts as a proteid-sparing 
food. The part played by gelatine in nutrition is of import- 


ance since € so often given to invalids. Voit, who 


has studied th ject carefully, has found that gelatine does 


not entirel lace proteids, and that animals fed on it 
alone ae waste away. In conjunction with a small 


amou 
eo 


true proteid, gelatine i is, however, capable of main- 
nitrogenous equilibrium as well as if only nitro- 
ey ae of proteid nature were taken. 
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Carbohydrates are compounds of carbon, hydrogen and 
oxygen, there being always two atoms of hydrogen for every 
atom of oxygen, i.e., the same relative proportion as in 
water. They are chiefly derived from vegetal tissues, and 
form an important class of food products. The substances 
known as starches and sugars belong to this class. They 
are oxidised or burnt in the tissues of the body and 
become converted into carbon dioxide and water vapours, 
such changes being accompanied by a generation of heat. 
Fats are also organic compounds containing carbon, 
oxygen, and hydrogen, but the proportion of oxygen is 
smaller than it is in carbohydrates. Fats and oils are 
found in the tissues of some animals, in milk and in certain 
seeds. The oxidation of fat is one of the chief sources of 
heat to the body, a given amount of fat producing more 
heat energy than the same weight of any other foodstuff. 


Ferments or Enzymes. 


Certain minute organisms possess the power of inducing 
definite chemical changes in the fluids, or other media, in 
which they live. One of the most interesting chapters in 
the history of scientific discovery has been that of the nature 
of fermentation. Fermentation and putrefaction have been 
known from early times, but their true nature has been dis- 
covered only in comparatively recent years. It is known 
now that both are connected with the life hqstory of micro- 
organisms or bacteria. For instance, in t eee fermen- 
tation of sugar and its transformation ig@g~alcohol, carbonic 
acid gas and other substances, the agency is that of 
various kinds of yeast cells. IO putrefaction of dead 
nitrogenous matter is likewise SS) o the activity of various 
bacteria. Other micro-organi an lead to the formation 
of vinegar or acetic acid frofy alcohol, to the souring of milk 
by the production of Ic acid, etc. These living 
organisms are spoken s organised ferments. In another 
class of chemical cists the result is due not directly to 
living organisms Ko chemical substances derived from or 
elaborated by ‘a cells, these substances having the pro- 
perty of indulge chemical transformations in a large mass 
of ceriains@ker substances without themselves undergoing 
noticeabl erations. These substances, or these agents, are 
spok Oras unorganised ferments or soluble ferments or 
cn 


~\ recognition of these facts and of the part played by 
eria in many diseases has led to the evolution of the vast 


Ò realm of knowledge now known as bacteriology. 


+ 
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Physiologists have long been acquainted with the exist- 
ence in the body of soluble ferments like the ptyalin of the 
saliva, which changes starch into sugar and the pepsin of 
the gastric juices, but it is only recently that there has been 
an adequate recognition of the parts played by soluble 


|ferments in many physiological processes. It is now known 


that all soluble ferments or enzymes are formed in the 
interior of cells. It was thought at one time that the yeast 
cell effected fermentation in the juice of the grape, or in a 
solution of sugar, by its own vital activity; this view was 
supported by the fact that during fermentation there is a 
remarkable multiplication of the cells of the yeast. It is 
proved now that the fermentation is due to an enzyme formed 
in the interior of the yeast cell and that, in a similar way, all 
enzymes are formed in cells, as, for instance, ptyalin in 
certain cells of the salivary glands, and pepsin in certain 
cells of the mucous membrane lining the internal surface of 
the stomach. 

Each enzyme has a limited field of activity ; this activity 
appears to be greatest at about 39° to 40° C.; at 50° the 
ferment is destroyed. Extreme cold arrests the activity of 
an enzyme, but does not seem to injure it, since it will again 
ferment if the temperature is raised to about 40° C. 

A remarkable feature of the action of an enzyme is that 
only a small amount is necessary, and that at the end of 
the process this amount is the same as at the beginning. If 


the enzyme is used up or if a portion of it is use , there 
must be a process by which the enzyme is reco ted It 
has been suggested that the enzyme acts by its 


presence, i.e., in virtue of what chemists c talyctic force, 
but it is really difficult to imagine that mical effect can 
be produced in this way by the meynfvence of a soluble 
ferment. The question is not elugi 

As already stated, enzymes Ss formed in cells. Cells 
may be frozen and then poun Kio a paste; enzymes are 
thus set free and, at the pre emperature, they will mani- 
fest their usual activities, re can be no doubt that as 
almost all living cells ain enzymes, they take part in 
nutritional processesgh  Dxciting changes in the protoplasm 
of the cell, or possiD&Y in the substances stored in the cell. 
They may thus 


on metabolic changes during the life 


of the cell, and@ety may even cause destruction of the cell 
after death QA kind of autodigestion or autolysis. 
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CHAPTER VI. 
PATHOLOGICAL PROCESSES. 


A few words on pathological processes, i.e.,on what hap- 
pens in certain conditions of disease, are necessary to arrive 
at a clear understanding of the mechanism of disease gener- 
ally, and more especially, from our present point of view, of 
disease of the ocular organs. 

It should be observed that, on the whole, pathological 
processes are merely modified physiological, i.e., normal, 
ones. Thus, serum effusion from the capillary vessels into- 
the tissues is an ordinary process of healthy nutrition, while 
a similar exudation in excessive quantity causes dropsy. 
Likewise, the exit of the white blood corpuscles through the 
walls of the capillary vessels is a normal process called 
migration of white corpuscles or diapedesis, the purpose of 
which seems to be to promote the natural growth of the 
various tissues. If, however, the process of diapedesis is. 
exaggerated, as is the case in the neighbourhood of an 
inflamed area, the white corpuscles accumulate to form new 
tissues, or degenerate to give rise to an abscess. 


Inflammation. 


When a foreign body is introduced into the tissues. 
directly from outside (as is the case in a pepeyrating wound), 
or when it is brought from some other f the body by 
the blood stream, certain changes ta lace which repre- 
sent the reaction of the organism a t the injurious effect 
of the intruding body; the purp Oss these changes is to 
destroy or to counteract or t w out what is noxious, 
and also to repair what K injured and to restore what 
has been destroyed. 

When an irritant Pee as been introduced into a tissue 
the blood-vessels of t ected area dilate so as to bring an 
excess of blood, a efore an increased number of white 
blood corpuscles ; WA pass out of the walls of the capillary 
vessels into t€ Wrrounding tissues more freely than usual 
at the same time as a greater amount of serum. The dilata- 
tion of she E and the passage into the tissues of 
an exa ated amount of white corpuscles and serum 
expl¢iXbhe redness and the swelling observed in an inflamed 
areaythe degree of swelling varies with the density and the 

ularity of the affected part, i.e., the number of blood-vessels 

normally contains. Besides redness and swelling, the other 
symptoms of inflammation are heat and pain, the heat 
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arising from the greater cellular activity and the pain from 
the increased pressure on the nerves in the distended tissues. 

We have stated justnow that the process of inflamma- 
tion is the effort of nature to get rid of the injurious effect 
of irritants. The white corpuscles are the cells which chiefly 
attack and remove foreign bodies, and for this reason they 
are often said to be the scavengers of the organism; their 
activity depends largely upon the presence of certain 
chemical substances in the blood plasma. 

The first appreciable change in inflammation is 
hyperemia, i.e., dilatation of the blood-vessels, causing an 
excessive blood supply in the affected part, the consequence 
of which is redness and heat. Later on, the white blood cor- 
puscles and the serum pass out of the capillary vessels into 
the surrounding tissues, which become cloudy and swollen. 
If the process goes on, the blood circulation, which at first 
was very active, slows down, the white corpuscles increasing 
in number and sticking to the vessel walls; at the same time, 
the red blood corpuscles begin to ooze through the walls of 

| the capillary vessels, the result being the formation of a | 
blood clot, and later on, death of the affected tissues, which 
become transformed into pus. | 
A more common termination is recovery, the blood- 
vessels gradually becoming less dilated and the exuded white 
i 
| 
| 


corpuscles either passing back into the capillary vessels or 
breaking up into a granular material which, together with 
the serum, is absorbed into the general blood a 


Microbes or Bacteria. i 


Though any foreign body introdug Kio the tissues 
may act as an irritant, and cause infla ory reaction, yet, 
if thai body contains no perro CD resence is tolerated 


by the tissues, the latter encina vithin a capsule; such i 
a foreign body, if small, is gra@itly absorbed; if large or ; 
of a dense structure, it gs permanently encapsuled 


in the tissue. The innocuo@Svess or otherwise of a foreign 
body in the system de® epend so much on its size as 
upon the absence or nce of microbes. Microbes are 4 
very minute, micro Gop living organisms consisting of a i 
single cell, i.e., & mass of protoplasm enclosed in an 
envelope ee ed according to their shape and to their l 


reaction to y staining reagents. They are very small, fl 
varying RS ne to a few microns. When circular in | 

i shape theyre called cocci; when rod-shaped, bacilli; when | 
more ss filamentous, spirilla. | 

living organisms play a great part in the work 

of pure as they break' up into more or less simple | 


I 


| 
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combinations the complex molecules of the organic sub- 
stances which form the bodies of animals and plants, or 
which are excreted by them. 

Thus, the souring of milk, the ripening of cream and 
cheese are due to bacteria. Bacteria are also capable of 
secreting poisonous substances or toxins, somewhat similar 
to alkaloids, both within the animal body and in artificial 
media; each kind of bacterium produces a specific toxin, and 
it is this which is so inimical to the tissues of the body. 

Bacteria are most sensitive to outside influences, their 
vitality being greatly increased or decreased by variations in 
temperature; some prefer warmth, some cold. Some require 
air, some others do not. Some grow better on such sub- 
stances as potatoes, others on jellies; this artificial food is 
termed a culture medium. Excessive cold and, still more so, 
excessive heat kills them, as do certain substances called 
antiseptics. Asa rule, antiseptics are notable to kill microbes 
present in the body, as the vitality of the bacteria is gener- 
ally greater than that of the cells of the body; therefore the 
antiseptic would kill the cells without doing more than 
weakening the bacteria, and these would become revitalised, 
as they would thrive on the dead cells. This is the reason 
why antiseptics are of little value for the destruction of 
bacteria in the body, except in some very special circum- 
stances. An aseptic substance is one which contains no 
living organisms, no bacteria, and in surgical operations 
everything is made aseptic. 5 

Though bacteria are necessary to appl life, some of 
them are prejudicial, as they wage w mankind; such is 
the case for the bacillus causing wR losis, the diplobacilli 
(so called because they arrange eS selves in pairs, placed 
end to end) causing angular c tivitis, the pneumococci, 
causing certain forms of pi&ufonia, etc. Many forms of 
bacteria are present in the @)} and are carried by it into all 


the cavities of the body municating with the atmosphere 
(nose, bronchi, lungs uth). Others are introduced in our 
body by means of. food we partake of, and a number of 


them are of seo istance to digestion; these mostly live 
on dead matte ich they break up into simple bodies and 
are termed, saprophytes. There are others, however, termed 
parasitic tia, which can attack living animals and plants 
under, n conditions. They are found at the surface of 
the a and the mucous membranes lining the cavities of 

gs, the air passages, the alimentary canal, etc., but 


th 
oy present within the tissues, the epithelial cells being 


A ture’s protection against the attacks of these micro- 


organisms. If the epithelial cells be debilitated or injured, 
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the microbes may gain entrance into the tissues. The 
results of such an invasion are very similar to the changes 
we have described under the heading of inflammation, The 
blood-vessels become dilated, serum and white corpuscles 
pass through the walls of the capillaries and the white cor- 
puscles attack the invading organisms. If the white 
corpuscles are victorious, the microbes are eaten up and the 
affected area returns to normal again; if defeated, the cells 
of the tissues and the leucocytes are killed, forming, together 
with the toxins secreted by the microbes, a whitish yellowish 
fluid called pus or matter. Asarule, nature brings up more 
white corpuscles to resist a further encroachment of the vic- 
torious microbes, and generally a barricade of young, 
healthy white corpuscles surrounds the affected area and cuts 
it off from the surrounding parts; such a limitation of the 
affected area leads to the formation of a localised collection 
of pus called an abscess, which gradually burrows to the 
surface and bursts, so discharging its contents and prevent- 
ing further absorption into the system of the toxins which 
are produced in the abscess cavity. It is to prevent this 
absorption of toxins and also to relieve the pain due to the 
pressure of the swollen tissues on the nerve-ends that an 
incision of the abscess is performed by the surgeon. 
When the microbes overcome the barrier erected by 
nature, the inflammatory process extends to the surrounding 
parts until a considerable area is affected; the coydition is 


termed a phlegmon. N 

In a general way, the ujtimate result o@jthe contest 
between the microbes and the resisting f of the body 
depends largely on the degree of virul of the microbes 
and the degree of activity of the whe corpuscles, and 
the activity of the white corpuscleg 13},Nin turn, dependent 
upon the presence in the blood s&tum of certain substances 
called opsonins that stimulate increase the combative 
power of the white corpuscles@y These special substances or 
ovsonins are distinct and sfewfic for each kind of microbe, 
and it is the toxins oer atter which incite nature to 
produce them. 

We have said (P when the process of inflammation 
ends in recovery, ¢he affected tissues are ultimately restored. 
It should be n however, that if an abscess or a severe 
inflammatorn cess occurs in a special tissue, for instance, 

S ill more so in a highly differentiated part like 


a muscle, Y 
the ah e affected part is not replaced by normal tissue 


but inary fibrous tissue, and so the special function 


of the “tifected area is lost; hence the importance of cutting 
S the inflammatory attack in a specialised tissue. 
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Degeneration of Living Tissues. 

In a general way, when a tissue is insufficiently 
nourished it degenerates, i.e., it loses its highest function. 
Degeneration may affect any tissue in the body, but the more 
highly the tissue is differentiated for a special function the 
greater is its tendency to degenerate. This process is 
frequently observed in the cornea of old people in the form 
of an opaque whitish area (arcus senilis) concentric with the 
corneal margin. The transparent corneal tissue becomes 
transformed into an opaque or translucent tissue owing to 
interference with nutrition. In the same way, if the nutri- 
tion of the retina is interfered with, the normal retinal tissue 
with its highly complex structure is gradually transformed 
into simple fibrous tissue unable to react under the stimulus 
of light. 

As stated above, when a tissue undergoes reparation 
after a process of inflammation, the repaired tissue is a 
degenerated tissue, i.e., a tissue unable to perform the 
function of the original tissue. It is especially so in the case 
of a highly differentiated tissue. : 

The term catarrhal inflammation is applied to denote a 
slight or moderate process of inflammation in mucous mem- 
branes like the conjunctiva or the membrane lining the air 
passages. This process causes a more congested, i.e., 
reddened, condition of the membrane, together with the pro- 
duction of an excess of mucus by the mucouslands present 
in great numbers in such membranes. Á 

© 


Metastasis. 

It may happen that the toxins poisons secreted by 
bacteria in an inflamed area are ab d in the blood stream 
and are carried to another p the system where they 
may cause a similar processe o ammation. The transfer 
in this way, through the biege-vessels, of a diseased process 
from a primary focus to stant one is termed metastasis. 
For instance, the toy generated by microbes which 
frequently lodge the gums and the teeth may be 
carried to the cilidQNDbody, in which they develop a process 
of inflammati cyclitis. 


Ulceration. , 

The iis of ulceration is of the same nature as that 
of su jon except that the discharge instead of collecting 
in ed cavity and forming an abscess, at once escapes 
are surface; there is thus a loss of surface epithelium 
yh appears as an open wound or sore. An ulcer may be 


Ò scribed as a loss of substance occurring on the skin, or a 


mucous membrane, or on a structure like the cornea, due to 
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a gradual destruction or necrosis of the tissues. In the eye 
an ulcer of the cornea is not infrequent, and may be caused 
by a foreign body, or may be due to the attack of some 
microbes. 

As pointed out before, if the ulceration process ends in 
recovery the lost tissue is repaired but, in the case of the 
cornea, the repaired tissue is usually degenerated inasmuch 
as it is not transparent like the normal tissue and the curva- 
ture of the surface of the affected area is not as regular as 
that of the rest of the membrane. 

Tuberculosis or consumption is due to a special 
bacterium, a bacillus which, though commonly found in the 
lungs, may attack any part of the body; however, it rarely 
invades the eye. The resulting pus is frequently caseous 
in appearance (i.e., looks like cheese). 

Syphilis is an infectious disease caused by a microbe 
belonging to the variety called spirochita pallida (appearing 
under the microscope in the formof flexible spiral filaments). 
The disease may be acquired by contact with an affected 
person, or may be inherited from infected parents. Many 
eye troubles are due to it, the inherited variety causing 
frequently a deep inflammation of the cornea (interstitial 
keratitis) and also various affections of the fundus. The 
acquired variety frequently affects the iris, causing iritis, and 
may also -attack the retina and the choroid. 

Shier 


h fulfils no 


Tumours. 

The term tumour, or neoplasm, applies 
swelling composed of newly formed tissue 
physiological function. Tumours tend to continuously 
and independently of the growth of t ody. Clinically 
they can be divided into, two main , the innocent and 


the malignant varieties 
Innocent tumours may comple of any of the normal 
tissues of the body, as bone iscle, fibrous tissue, etc. 
They grow slowly, and a enerally surrounded by a 
fibrous capsule. They xe tendency to spread to other 
portions of the body, DXNthay grow to quite a large size, 
pushing aside or ogmpiessing adjacent organs. They do 
not generally recur r removal. 

Malignant tufpurs, on the other hand, show a marked 
departure from @e normal structure and arrangement of the 
tissues of t dy. They tend to invade the surrounding 
parts by SQ ing out prolongations or off-shoots into them, 
and they\fréquently spread to other parts, being carried by 
the stream and eventually destroying life. They 
ee recur after removal. 
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Death. 

From our brief study of the physiological work of the 
body we can conclude that the various functions we have 
investigated constitute the greater part of what are called 
the vital functions, and so long as these functions are 
normally performed the body is said to possess life. The 
cessation of the performance of these functions is what is 
ordinarily called death. 

It should be clearly understood, however, that physio- 
logically there are two kinds of death, namely, local death 
and general death. 

As we have pointed out before, local death is going on 
at every moment, and in most if not all parts of the living 
body. We have seen that individual cells of the epidermis 
of the skin and of all epithelial tissues are constantly dying, 
and are being cast off to be replaced by others which are 
constantly coming into separate existence. The same applies 
to blood corpuscles, and probably to most of the other 
anatomical elements of the body. This form of local death 
is insensible to the individual, and is, as a matter of fact, 
essential to the due maintenance of life. 

Occasionally, however, local death occurs on a larger 
scale as the result of injury or as the consequence of disease. 
A burn, for instance, may suddenly kill more or less of the 
skin, or again, a part of the skin may die, as in the case of 
the slough which lies in the middle of a bol, or again, a 
whole limb may die and exhibit the curi ue benomena of 
mortification. XS 

As we have seen (page 116) the 
tissues is followed by their regen 
epidermis and all forms of epithe 
tive tissues, bone, and at any 


1 death of some 
fon. Not only the 
, but nerves, connec- 
ome muscles, may thus 
be regenerated even on a larfe/scale. Only, if the dead 
tissue is highly organised a differentiated for a special 
function, as is the case the retina, the regenerated or 
newly formed tissue i venerated, i.e., is no longer able 
to perform the fungi f the original tissue. Thus, when 
a portion of the N has been killed as a consequence of 
some disease, & ormed or regenerated portion is made of 
ordinary fibrottissue which is quite insensitive to light. 
Even in tH se of the skin, when a large area has been 
killed b urn, and the wound extends to the dermis, the 
reforme tssue or cicatricial tissue differs in appearance from 
the al skin, inasmuch as it has a tendency to shrink, 
sahat the edges of the original wound are dragged 

rds each other, a fact which causes a fair amount of 


Q 
Òdisfigurement. 
© 
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Surgeons used to attempt to remedy this by an opera- 
tion intended to liberate the parts which are brought too 
close to each other, but now, and as prevention is better 
than cure, the distortion following a burn is prevented by an 
operation (grafting) the idea of which originated in the 
experiment of Garengeot mentioned in page 11. On the 
part that has been burnt, little bits of sound skin taken from 
another part of the body orefrom another person (but not 
from an animal, since grafting does not succeed from one 
species to another) are scattered over the destroyed area. 
These fragments get united to the subjacent part on which, 
so to speak, they take root; they continue to live and to grow 
by cell multiplication, so that if the number of these grafted 
fragments is sufficient, the terrible results due to the retrac- 
tion of the cicatricial tissue are avoided. 

General death is of two kinds, namely, death of the body 
as a whole, and death of the tissues or anatomical elements. 
The former term applies to the absolute cessation of the 
functions of the brain, of the circulatory apparatus, and of 
the respiratory organs. The latter term applies to the dis- 
appearance of the vital actions of the structural anatomical 
elements constituting the various tissues. 

When death takes place the body as a whole dies first, 
the death of the tissues occurring after an interval which 
is sometimes considerable, especially in cold-blooded 
animals. It is a well-known fact that for some little time 
after what is ordinarily called death, the mus may be 
made to contract by the application of a pyr + Stimulus, 
e.g., an electric current. Again, it is no e to observe 
that the hair of a dead man continues to gaaw for some time. 


In either case, the muscles and the dern Als from which the 
hair grows are not yet dead, thougiraeian himself is dead. 


The different ways in whic eral death is brought 
about are at first sight extre varied. We speak of 
natural death by old age, op, Dy some form of disease, of 
violent death by the inn able varieties of injuries or 
poison, of death by n, yet really the immediate 
cause of death is alw he stoppage of the functions of 
one of three organg; ely, the cerebro-spinal system, the 
lungs, or the heart. hus, a man may be instantly killed by 


an injury to thte@part of the brain we have called the bulb, 
as occurs in h&¥ing, or when a person breaks his neck. Or 
again, deat ay result from suffocation, i.e., stoppage of 
the respWahory function by strangulation, smothering or 
drownig. Finally, death ensues at once when the heart 
ceat propel blood. The three organs referred to just 
ney are sometimes called the tripod of life. 
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In ultimate analysis, however, life has but two legs to 
stand upon, the lungs and the heart, for death through the 
brain is always the result of a secondary action of the injury 
to that organ upon the lungs and the heart. The functions 
of the brain cease when either circulation or respiration is 
at an end, but if circulation and respiration are artificially 
kept up, the brain may be removed without causing death. 
On the other hand, if the blood is not oxygenated or zrated 
its circulation through the working of the heart cannot pre- 
serve life, and if circulation is at an end,*1.e., if the heart 
ceases to beat, mere zration of the blood in the lungs is 
equally ineffectual for the prevention of death. 

With the occurrence of general death, the various tissues 
continue to live for a little while, as we have pointed out 
before, but they soon die in their turn, and then the every- 
day forces of the inorganic world no longer remain the 
servants of the bodily frame as they were during life, but 
become its master. To quote Huxley, ‘‘ Oxygen, the slave 
of the living organism, becomes the lord of the dead body. 
Atom by atom, the complex molecules of the tissues are 
broken to pieces, reduced to simpler and more oxidised 
substances, until all the soft parts are dissipated, chiefly in 
the form of carbonic acid gas, ammonia, water and soluble 
salts, and the bones and teeth alone remain. ‘These denser 
and earthy structures are not, however, competent to offer 
a permanent resistance to air and water. Sooner or later 
the animal basis which holds together the Arthy salts is 
decomposed and dissolved, the solid N become 
friable and break into powder. Finally&ħey dissolve and 
are diffused among the waters of th face of the globe, 
just as the gaseous products of de osition are dissipated 
through the atmosphere. 

It is difficult to follow se degree of certainty wan- 
derings more varied and mogaextensive than those imagined 
by the old philosophers,jwhd held the doctrine of trans- 
migration, but the cha QI are that, sooner or later, some, 
if not all, of the s atoms will be gathered into new 
forms of life. T n’s rays, acting through the vegetal 
world, build inf of the wandering molecules of carbonic 
acid gas, of wate, of ammonia and of mineral salts into the 
fabric of s. The plants are devoured by animals, 
animals Oir one another, man devours both plants and 
other a Is, and hence it is possible that atoms which at 
a ti Nimed an integral part of the body and brain of 
ENN æsar may now enter in the composition of Cæsar the 

rò in Alabama, and of Cæsar the house-dog in an 


ÒEnglish homestead.” 


CHAPTER VII. 


ACTION OF LIGHT ON LIVING BEINGS. SENSATIONS. 

GENERAL ARRANGEMENT OF SENSE-ORGANS. EVOLUTION 

OF THE EYE IN THE ANIMAL WORLD. EMBRYOLOGICAL 
DEVELOPMENT OF THE HUMAN EYE. 


Action of Light on Living Beings. 

Sensibility to light is a general property of the proto- 
plasm of the living cell. Light, i.e., the radiations corres- 
ponding to the portion of the spectrum which is visible to 
the human eye, acts in a great many different ways on living 
beings. In a general way, we can take it that light pro- 
duces: (a) Trop hic modifications, i.e., modifications in the 
nutrition and the life of the tissues; (b) Electric phenomena; 
(c) Visible movements; (d) Sensations and Perceptions. 

(a) We cannot say more than a few words on the 
trophic phenomena due to the action of light: -+ Modern 
researches have established beyond doubt the fact that light 
has a strong effect on the low organisms termed microbes or 
bacteria; it destroys the activity of the poison (toxin) secreted 
by various disease-producing bacteria. It must be observed, 
however, that in this respect oxygen plays a part as impor- 
tant-as that of light itself, since light is inactive ipxyacuum. 
These facts are of the utmost importance from oint of 
view of hygiene and prove that air and light absolutely 
necessary to insure healthy conditions. xO 

C 


If we pass now to higher ani organisms, the 
influence of light continues to maken felt; microscopic 
examination shows that the physield activity of the cells 
of living tissues and the poy k ofsa of cell-multipli- 
cation upon which the repro on of cells and tissues 
depends, are more nE bda the action of light, 
especially of blue and ight, as well as under the 
action of the ultra- “old V of the spectrum. The excel- 


lent results obtaine the treatment of various skin 
troubles by light ‘Gp n’s method) constitute a proof of the 
beneficial effect Gy minous rays. 

Light rae considerable effect on the pigmentation of 
animals; i sy to observe that in those animals which 
usually li illuminated media, the parts of the body that 
are "ON illuminated (the dorsal part, as a rule) are darker 
tha rts on which light does not act so directly. In 


pol be dee white is the dominating shade in the colour 
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of animals, and this is probably an effect of the insufficiency 
of the solar radiation though it may also be a phenomenon 
of mimicry. 

Experiments show clearly the relation of cause to effect 
between the production of pigment and the action of light. 
On rearing in the dark animals normally living in ordinary 
conditions of illumination, they are found to lose their pig- 
mentation. In miners, the skin and even the hair become 
discoloured in time, even apart from the existence of parasitic 
anemia. Conversely, if animals living in dark caves, like 
Proteus, whose teguments are white or slightly pinkish, are 
kept under the influence of light, they become coloured first 
in grey, then in blackish-green, and finally they take a 
uniform brown coloration. The action of light may he 
localised in some parts of the body which are illuminated to 
the exclusion of others. The coloration is due to the forma- 
tion of pigment which is deposited in the most vascular parts 
of the skin, and it is clear that the purpose of the newly 
formed pigment is to protect the skin against the action of 
luminous rays. 

All living beings, from the lowest to the highest, are 
influenced by the degree of illumination to which they are 
submitted. We cannot enter deeply into this subject, but 
a few words on the action of light on the human skin may 
be of interest. It produces what is termed solar erythema, 
a condition accompanied by desquamation, pigmentation, 
and occasionally, blistering. This effect gs\chiefly due to 
actinic (or chemical) rays, and may sed by some 
artificial light rich in such rays, for in e, the light given 
by an electric arc-lamp. These ie) ical rays attack the 
living cells, and the organism def& We itself by a congestion 
of the capillary vessels of tl n, the blood having the 
property of absorbing ey igh refrangibility to trans- 


form them into rays of lowaNefrangibility, or calorific rays. 
A further means of defen is the formation of a layer of 
pigment; the productya@of this protective layer may occur 
under the prolonge ion of an insolation insufficient to 
cause solar eryth This is shown by the sunburnt com- 
plexion of pe ‘ving mainly in the open air, the peculiar 
complexion þèfg the result of the defence of the organism 
against p -chemical destruction. This character may 
become @peditary, or fixed, as is the case in the negro race. 
he production of electric phenomena in the 

livi issues, and especially in the retina, under the influence 
Kishi is an extremely interesting question, but is some- 
hàt foreign to our present subject; its study belongs to the 


Ò branch of science concérned with Physiologic Optics. 
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(c) The movements produced in living beings under 
the action of light are very numerous; the phenomenon has 
been termed photo-motility or heliotropism. | Everybody 
knows the attraction caused by a source of light on many 
insects : moths get burned in a candle flame, or crowd round 
an electric lamp. This is an instance of positive helio- 
tropism. On the other hand, some animals seek darkness, 
and are said to be negatively heliotropic. Heliotropism is 
not confined to the animal world; plants show it to a marked 
extent. If a tree is so placed that it can only receive the 
light from the sun on one side, it will lean in this direction 
and so orient itself that it may present the greatest possible 
surface to the action of luminous rays. 

Beside the movements of the whole body or the whole 
organism we have just mentioned, light produces move- 
ments in the various tissues, and especially in the retina. 
When a beam of light is directed to the eye, some of the 
pigment of the hexagonal epithelium of the retina migrates 
along the rods and cones whilst, at the same time, there is a 
shortening of the outer segments of the rods and cones them- 
selves. These movements are relatively slow and, as we 
shall see in the study of the retina, they are of secondary 
importance from the point of view of vision, their main pur- 
pose being to protect the visual elements (rods and cones) 
from an excess of light. 

(d) The production of sensations and perc ns due 
to the action of light constitutes the most imp part of 
our subject. 


Sensations. General Arrangement of the SensaghcQans. 


We have pointed out before that, KQieents by which all 
the motor organs of the body t the cilia of some 
epithelial cells and the amber Guavements of some indi- 
vidual cells like the white blo rpuscles) are set at work 
are the muscles, made of lar fibres the essential pro- 
perty of which is their poy contraction, i.e., of shorten- 


ing, under the influenc an external stimulus. 
In the living b ny muscle is, as a rule, made to 


contract by a chan the motor or efferent nerve which is 
distributed to it. his change, or, as we have termed it, 
this motor im NS is generally effected by the activity of a 
nervous ce rete e. a mass of grey nervous matter in some 

part of th SS ral nervous sy stem) with which the motor nerve 
is coe . The central organ itself is thrown into activity 
direc indirectly by the influence of changes which take 


plad, iñ the sensory ‘or afferent nerves which are connected, 


+ 


$ 
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on one hand with the central nervous organ or nervous 
centre, and on the other hand with some other part, especially 
the surface of the body. The alteration taking place in the 
afferent nerve is produced by changes in the condition of the 
part of the body with which it is connected, changes which 
usually result from external impressions brought to bear on 
that part. 

Sometimes the central organ enters into a state of 
activity without our being able to trace this activity to any 
direct influence of changes in the afferent nerves; the activity 
seems to originate in the central organ, and the movements 
to which it gives rise are called ‘‘spontaneous”’ or “ involun- 
tary.” Putting these cases aside, it may be stated that a 
movement of the body or of a part of it, is to be regarded as 
the effect of an influence or, as usually termed, a stimulus, 
applied directly or indirectly to the ends of afferent nerves 
and giving rise to a modification of the condition of the 
particles or molecules of the nerve fibres, i.e., to a nervous 
impulse, a molecular disturbance which is propagated from 
molecule to molecule along the fibre to the nervous centre 
with which the nerve is connected. The molecular activity 
of the afferent nerve sets up changes of a like order in the 
cells of the nervous centre and, from these, the disturbance is 
transmitted along the motor or efferent nerve which passes 
from the central organ to a certain muscle. When the mole- 
cular disturbance travelling in the efferent nerve reaches the 
ending of the nerve in the muscular fibrene particles of 
that fibre are made to take a new positi hat each fibre 
shortens and becomes thicker and a m entensues. Thus, 
if we unintentionally prick one of o gers or touch some 
very hot object, the hand is jer way almost before we 
are aware of what has happen’ uch a series of molecular 
changes as that just descyibsd constitutes what we have 
already alluded to under prame of reflex action, the dis- 
turbance or impulse trayéetfing in the afferent nerve and 
caused by the perip a irritation being, so to speak, 
reflected back alo efferent nerve to the muscles. 

A reflex acti} may take place without our knowing 
anything aboyfiNand, in fact, hundreds of such actions are 
continually goM on in our bodies without our being aware 
of them. * it frequently happens that we learn that some- 
thing isang on when a stimulus affects our afferent nerves 
by N g what we call a feeling or a sensation. We classify 


sen òns, together with emotions, volitions and thoughts, 
: er the heading of states of consciousness, though in our 


>. edent knowledge of physiological and psychological 


science, we do not really know what consciousness is, and 


; wl 
AD 


SENSATIONS 125 


how it is that a state of consciousness occurs as the result of 
the irritation or stimulation of some part or other of our 
nervous tissue. 


General Sensations. 


Sensations are of various degrees of definiteness; some 
arise within ourselves, we do not know how and where, and 
remain vague and undefinable. Such are the sensations of 
uncomfortableness, of faintness, of fatigue or of restlessness. 
We cannot assign any particular place to these sensations, 
which are probably the results of general afferent impulses 
brought about by the state of the blood or the condition 
of the tissues. However real these sensations may be, and 
however largely they enter into the sum of our pleasures 
and pains, they tell us nothing of the external world; not 
only are they diffuse, but they are also of a purely subjective 
nature. 


Special Sensations. 


In the case of other sensations, each feeling arises from 
changes taking place in a definite part of the body, i.e., is 
produced by a stimulus applied to that part, and cannot be 
produced by stimuli to other parts. Thus, the sensations of 
taste and smell are confined to certain regions of the mucous 
membrane of the mouth and nasal cavities; those of sight 
and hearing to the parts of the body called the exA and the 
ear, and those of touch, though arising over a h wider 
area than the others, are nevertheless restrict@yto the skin 
and to some portions of the membranes nigh the cavities of 
the body. - Any portion of the body to Oh a sensation is 
thus restricted is called a sense-orga Q. 

It may be remarked that in th of a sensation of 
touch, the simple feeling of cfatact is accompanied by 
information, not only as to wh&{t)sense-organ, but also to 
what part of. that sense-orga being affected. When we 
touch a hot or a rough bog fyith the tip of a finger, we are 
aware not only that w ealing with a hot or a rough 
body, but also that dy in question is in contact with 
the tip of the finge&; ve refer the sensation to that part of 
the tip of the fingsy which is acted upon by the body con- 
sidered. The is different with other sensations. When 
we perceive, Ao we know that we smell with the nose, 
but we d imagine that the smell arises within the nose; 
we refer, N origin of the sensation to some external cause, 
nam o the presence of a smelling body in the vicinity. 
Wa een do so when the sensation is due to changes taking 
ie in the nose itself independently of external objects, as 


O 


A? 


126 SENSATIONS 


in the case of the unpleasant odours which accompany certain 
diseases of the nose. Similarly, our sensations of sight and 
of hearing are referred to external objects. 

In these sensations thus arising in special sense-organs, 
and hence spoken of as ‘‘ special sensations,’’ each sensation 
or feeling results from the action of a particular kind of 
stimulus to its appropriate sense-organ. In each case the 
structure of the sense-organ is arranged in such a manner 
as to render that organ particularly sensitive to its appro- 
priate stimulus. Thus, the sensation of sight is brought 
about by the action of the vibrations of the luminiferous 
ether and the eye, or sense-organ of sight, is constructed in 
such a way that rays of light which, falling on any other 
part of the body produce no appreciable effect- (or at any rate 
no visual sensation), give rise to vivid sensations when they 
fall upon it. 

In each sense-organ we can distinguish, with more or 
less completeness, two distinct parts, namely, an essential 
part and an accessory one. It is through the first that the 
agent producing the sensation (light vibrations, or sound 
vibrations, odorous substances or variations in temperature 
or in pressure) produces changes in certain structures asso- 
ciated with the delicate nerve terminations distributed to the 
sense-organ. The accessory part, not absolutely necessary 
to the sense-organ, is useful, inasmuch as it assists in bring- 
ing the agent to bear in the most efficient\way upon the 
essential part. In the case of the eye, lor part 


(the dioptric apparatus) is extreme] omplicated and, 
indeed, seems to form the greater por of the sense-organ. 
In the case of the other senses it ig ch more simple. 
Sensory Epithelia.  . Q 


The essential part of e&ch“Sense-organ is composed of 
minute structures which a really modified epithelial cells. 
The delicate terminatiq@yof the nerve filaments distributed 
to the organ may, wi ore or less distinctness, be traced 
to these modified lial cells in which indeed they seem 
to end. Thes ute structures, these modified epithelial 
cells, en aat is termed a sensory epithelium; they 
serve as ingymediaries in each case between the physical 


agent of Sensation and the sensory nerve. The physical 
agent-i€NSy itself unable to produce in the fibres of the 
sen nerve those changes which,. on reaching the brain 


s, we know that rays of light falling directly upon the 
tic nerve itself cannot give rise to a sensation of light; this 
is shown by the well-known experiment of the blind spot. 


N vous impulses, give rise to the special sensations. 
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The physical agent must first act on the structures of the 
sensory epithelium, and these in turn act upon the filaments 
of the nerve. Thus, light falling on the essential part of 
the eye (or retina) sets up changes in the modified epithelium 
cells forming the sensory epithelium; these changes set up 
corresponding changes or visual impulses in the fibres of 
the optic nerve which impulses are propagated to the brain 
and give rise to sensations of light. 

Since all our sense-organs are built on the same general 
principle, and contain an essential part (in the form of a 
sensory epithelium, the modified cells of which are connected 
with the fibres of the sensory nerve) and a more or less com- 
plicated accessory part, a brief study of the simpler of these 
organs will help us to understand the working of the most 
complicated one, namely, the organ of sight. 


Sense-Organ of Touch, 


The sense of touch, which is a sensation of contact or 
pressure referred to the surface of the body, is located in the 
skin and the mucous membranes lining the walls of the 
mouth and nasal passages. In a previous chapter we have 
pointed out that the skin is not only a protective covering 
but also an excretory organ which is concerned to a great 
extent with the regulation of the body heat. At the same 
time, the skin (and the same applies to the mucous mem- 
branes which line those cavities of the body eh ze in 
communication with the surrounding atmospher&Ns à sense- 
organ, inasmuch as it is adapted, in some of 4@parts at any 
rate, for the reception of impressions due o Smal stimuli. 
Cutaneous sensations, i.e., sensations d IQ from the skin 
(and mucous membranes) are of v O kinds; there are 
tactile sensations or sensations of proper, thermal 
sensations or sensations of heat ai cold, and sensations of 
pain. An object placed on the faim of the hand may pro- 
duce a complex sensation iny@@jing a sensation of pressure, 
a sensation of temperature , if the pressure be great, a 
sensation of pain. NZ 

The deep layer @y*skin or dermis is raised up into a 
multitude of minute\¢lpPse set, conical elevations or papillz, 
into which senserganerve fibres are distributed. In those 
parts where th re of touch is most acute (tips of the 
fingers, point e tongue) the papilla develop into tactile 
lesa NS actile corpuscle is a small ovoid body made 
of delicajeNéonnective tissue around which one or more 
meduli} nerve fibres wind two or three times and then, 


losi eir sheaths, the fibre or fibres enter the corpuscle, the 


a¥ign@Vlinders ending in small enlargements. 
RN 

S 
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takes 


It should be understood that no direct contact 
place between the object which is touched and the end of the 
sensory nerve (papilla or tactile corpuscles) since the 
epidermis layer, of varying thickness in different parts of the 
skin, is always interposed. In fact, if this layer is removed, 
as when the surface of the skin has been blistered, contact 
with the raw surface gives rise to a sensation of pain and not 
to a proper sensation of touch. 

Thus, in touch, the essential part of the sense-organ 
consists of certain structures or epithelial cells very slightly 
modified in the general skin, and more so in the tactile 
corpuscles found in those parts of the skin in which the sense ~ 
of touch is acute; they serve as intermediaries between the 
physical agent (pressure) and the terminal filaments of the 
sensory nerves. The accessory part of the sense-organ of 
touch is very slightly developed, being chiefly constituted 
by the variable thickness and character of the layers of 
epidermic cells. 


Various Kinds of Tactile Sensations. 


Tactile sensations proper may be distinguished into: 
(a) sensations of simple pressure; and (b) sensations of 
locality. 

(a) Mere contact of an object with the skin exerts a 
pressure on it, resulting in a stimulation by means of which 
we become aware that something is touchj us, and the 
sensation becomes more acute as the pres creases up to 
a certain limit. The sensitiveness of different parts of 
the skin in responding to pressure v , and can be ascer- 
tained in a similar way to that in h the sensibility of the 
retina to light is determined, Y can find out the least 
pressure that can be felt, i. KO hreshold of the sensation 
of touch; or again, we canMetermine the least difference of 
pressure that can be perceived, i.e., the fraction of Fechner. 
In the first case, small 2@@ increasing weights are allowed to 
press on the skin grg pari that is being investigated until 
a distinct sensatid9Xef pressure is felt. In this way, the 
greatest acute the pressure sense is found on the fore- 
head, the tem and the back of the hand, where a pres- 
sure of 2 igrammes is detected. The skin of the finger 
tips dete} `a pressure of 5 to 15 milligrammes. In the 
seco Cae, when small weights are used, the greatest 
sens) ness to differences of pressure is found on the skin 
of\tht forehead, the lips and the cheeks, which appreciate 

fference of 1-30th of the original pressure. Then comes 
the back of the last phalanx of the fingers, the palm of the 
hand and the forearm, which appreciate a difference of 1-15th 
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| to 1-20th. Small intermittent variations of pressure, as, for 
) instance, in feeling the pulse, are better noted with the tips 
of the fingers than with the palm of the hand. | 

| Individual sensations of pressure following each other | 
with sufficient rapidity, as is the case if we touch the blunt | 

teeth of a quickly revolving wheel, fuse into one continuous 
sensation ; hence, there is for the sense of pressure something 

similar to the persistence of retinal impressions. | 

(b) When an object touches our skin, not only do we | 

experience a sensation of pressure of greater or less intensity, | 

but we are aware of the part that has been touched; this is | 

called the sense of space or locality. Not only is tactile | 
sensibility to a single pressure duller in some parts than in | 

others, a circumstance which may be accounted for by the | 

| varying thickness of epidermis interposed between the | 
| sensory nerve-ends and the point where the pressure is 
applied, but the power of distinguishing double or multiple 
impressions or what we might call the tactile discriminative 
power is also very different. Thus, if the blunted points of 
a pair of compasses are separated by only 2 mms., they will 
be distinctly felt as two if applied to the tips of the fingers, 
whereas if applied to the back of the hand, only one impres- 
sion will be felt. This power, which is intimately connected 
with the sense of locality, depends on the number of sensory 
nerve-endings in the part considered, for the fewer the nerve- 
ends in a given area, the more likely it is that tha\\wo points 
will act on only one, and produce but one sens , and the 
greater the number of nerve-ends in a give ča, the more 
likely it is that the two points will act axe of them and 
thus give rise to two distinct sensationg\ | 
The table below indicates the 1 Seance at which two | 
points can be separately distingyi keg | 


‘Lip. ormtongue mE is ise Lem, a Els | 
Under surface of last phal x~of forefinger ... _ -2 mms. | 
Under surface of last ome of second finger - 4 mms. | 
Lip ES oe AMS | 
Tip of the . nose . X na K 6 mms. 
Palm of hand -O EE ER 8 to 1omms. 
Back of hand. Næ aN T -28 MMS. 
Upper part TEEMAA E aS fa R7 S 
Back of n A occiput we Ta 40to50mms. 
The r to localise our sensations with reference to 


the surfas® of the body, and to indicate the position of the 
tough object enables the brain to construct a tactile field 
t 


| o urface of the skin to some part of which the object 
hing us ‘is referred. 


we | 
IRS) | 
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It follows from what has been said before, and from an 
| examination of the above table, that the touch-corpuscles 
i are unequally distributed over the surface of the body, 
| being numerous and crowded at the tips of the fingers, few 
and scattered on the arms and the trunk. Our discriminative | 
tactile power, by means of palpation, is in evident relation | 
Hy with this unequal distribution. We can ‘‘feel’’ things | 
| better with our finger tips than with any other part of the . 

body, although, as we have seen just now, these have by no 
| means the most sensitive skin. Tactile sensation, though | 
ie less obviously a special sense than vision or hearing, is | 
different from common sensation, and unless we are on our 
guard, there is a risk of confusion, owing to the ambiguity 
of such familiar terms as ‘‘ feel’’ and ‘‘ sensitive.” We feel 
the pulse with the finger tips, but to feel whether it rains 
or not,.we hold our hand palm downwards; if the palm of 
one hand and the back of the other are exposed together to 
| j a slight, gentle drizzle, the droplets may be distinctly felt 
on the latter, though they are quite imperceptible on the 
| former. We shall see later on that there is a somewhat 
similar distinction in the case of the retina : the yellow spot, 
the region in which vision in the ordinary sense of the term, 
i.e., perception of the shape and details of objects, is most 

acute, is not the most sensitive part to light. 

This fact can be easily ascertained. When an 
f astronomer wishes to see a faint star, he does not direct his 
telescope (or his own visual axis if the experymsgnt is carried 
out with the naked eye) onto the star itse ut to a point 
iH) slightly sideways, in order that the r l image of the 
| star may be formed on the edge of the ilar region instead 
| of being formed on the fovea as is t se in ordinary direct 
, vision. This difference in the ibility to light of the 
fovea and of the more peripke arts of the retina is not 
astonishing. Whena pet kind of cell, like the visual 
cells of the fovea, is diffggeNtiated in- view of a special 
Hy function, that of the per, on of the shape of objects in the 
|| present case, it lose functions (in the actual case, the 
| perception of varyi egrees of illumination) to a greater or 
Ht smaller extent. 
ti It is a welfiown fact in physiologic optics, that the 
(| Oe the resolving power in any portion of the 
retina, e visual acuity, is based upon a principle 
simila i gO which we have described above for the investi- 
ae we the tactile sensibility. The method consists in 
fin RA the least angular distance at which two luminous 


SENSATIONS 131 


instead of a single blurred point or a single blurred patch. 
Experiments carried out by the astronomer Hooke and con- 
firmed later on by other observers, have shown that in order 
that two points may appear as distinct, they must be at an 
angular distance of at least one minute, i.e., they must sub- 
tend an angle of one minute at the nodal point or optic 
centre of the eye. It is on this principle that visual acuity 
charts are built. 

It will be noted that the power of tactile discrimination 
of separate points is most acute in those parts of the body 
which carry out the widest and most rapid movements. 
Moistening the skin increases the sensitiveness to separate 
points, but cold and a bloodless condition of the skin blunts 
this sensibility. Exercise improves it to some _ extent, 
though F. Galton denies the alleged superiority of blind 
persons in sensitiveness of touch; he argues that the guid- 
ance of the blind depends on the multitude of collateral 
indications to which they learn to give heed rather than on 
their superiority of touch. 

The feeling of warmth or cold is the result of the excita- 
tion of sensory nerves distributed in the skin which are 
probably distinct from those giving rise to the sense of touch. 
It would appear that the heat (or cold) must be transmitted 
through the epidermic layer in order to give rise to this 
sensation for, just as touching an exposed nerve gives rise 
only to pain, so heating or cooling an exposed ner\e or the 
trunk of a nerve does not produce a sensatio& ef heat or 
cold, but merely of pain. Thus, if the elbow ipped into 
a mixture of ice and salt, the cold first aff the skin and 
produces a sensation of cold at the elboyQwiit afterwards it 
attacks the trunk of the ulnar nerve O at this point is 
near the surface of the skin) and thi eet is felt as a sensa- 
tion of pain and not one of co; beside, the pain thus 
caused is not felt. at the elbow whore the cold is acting, but 
according to a general. law, i ose parts where the nerve- 
fibres end, i.e., in the littl er and the ring finger. The 
sensation of heat or col ative rather than absolute. If 
we put our hand in w as hot as can be borne and then, 
transfer it to tepid afer, this feels cold, whereas the same 
tepid water wouldgeel hot if the hand had been previously 
kept for a while-Nwice-cold water. 

e of touch, the sense of temperature varies 
Different parts : the cheeks are very sensitive, 


in ENS 
more so F n the lips; the palm of the hand is more sensi- 


tive t than its back. 


Tħe differences in the sensitiveness of the skin to heat 
a old at various points may be readily determined by 
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touching the several points with the blunt end of a wire 
whose temperature can be kept constant at any desired 
degree. In this way it is found that some points respond 
to heat but not to cold, others to cold but not to heat, so 
that we meet with ‘‘ heat spots’’ and “‘ cold spots.’’ These 
spots seldom coincide, nor do they correspond with the 
points most sensitive to pressure; cold spots are more abun- 
dant than heat spots, and the spots are generally arranged 
in lines, often curved; in some ‘places, heat spots and cold 
spots partly overlap each other. The arrangement of the 
cold and heat spots appears to indicate that the nerve-fibres 
from the two kinds are specifically different. 


With regard to the two kinds of temperature sensations 
and to the general cutaneous surface, it should be noted that 
the sensations of heat and cold can only be felt through the 
nerve terminals in the skin; as we have already pointed out, 
direct stimulation of the nerve, as when the epidermis is 
removed, only produces a sensation of pain. So also, irrita- 
tion of the trunk of a nerve by heat or cold not only causes 
a sensation of heat or cold in the affected part, but it also 
causes a sensation of pain which, according to a general law, 
is referred to the peripheral termination of the nerve. 


With ‘regard to variations of temperature, it is found 
that :— 


(a) Objects of the same temperature eye part of the 
skin to which they are applied give ris&Mo no thermal 


sensations. . 

(b) The parts of the body oe sense of tempera- 
ture most acute are, in order: the of the tongue, the eye- 
lids, the cheeks, the lips, an palm of the hand. 

(c) Small differences oK temperature (about 1° C.) ‘are 
readily appreciated by the @6st sensitive parts. : 


(d) Though the êr of the skin to recognise changes 
of temperature is g ee our power of estimating absolute 
temperature by s X ensation is small. Our own feeling 
of warmth de on the state of the cutaneous blood- 
vessels, full veðsels leading us to feel hot, and comparatively 
empty vess to feel cold; hence an object.at.the same tem- 


perature és a different sensation according as the skin is 
full g&Natpty of the. warm blood. 
® Illusions of the sense. of temperature are common, 
wy" weight feels heavier than a warm one} a good: con- 
ctor, like metal, feels colder than a piece of wood at the 
same temperature.’ . “re A ET pte Exh f- 
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Sensation of Pain. 


We have already alluded to ‘those vague subjective sen- 
sations which arise from a number of sensory impulses 
proceeding: from the skin and other parts of the body, and 
informing us, in a vague manner, as to our general condi- 
tion. If these impulses become intense, we have the sensa- 
tion of pain, so that- pain may be regarded as the result of 
an excessive stimulation of any of. the nerve-endings which 
are concerned in giving rise to sensations. 

Pain also results from stimulating the trunks of the 
nerves leading from these endings to the central nervous 
system. In this case, the pain is referred to the parts in 
which the end fibrils of the nerve are distributed. The 
nerves of any part may thus. give rise to pain, and from this 
it might appear that we can hardly speak of any distinct 
and separate: ‘‘ sense of pain.” There are, however, facts 
which show that sensations of pain are probably distinct 
from, though. ultimately mixed with, other sensations. 
Thus,-in many diseases of the central nervous system, such 
as locomotor ataxia, the sensitiveness of the skin to touch 
may be almost entirely wanting, while pain is readily felt. 
Further, observation shows that the impulses giving rise to 
pain pass along the spinal cord on their way to the brain by 
paths which are distinct from those which convey the 
impulses resulting from touch or from heat or cold. 

From ‘what has been said just now, it appe a the 


skin contains. nerve-fibres of four different kin r fibres 
performing four different functions, namely, ssure, heat, 
cold, and common sensibility or pain. ther each of 


these sets has distinct terminal orga Q not definitely 
known. For the general aa ered by the fibres 
of common sensibility or pain, no iè end-organ for the 
nerve appears to be needed, A KS know ‘that pain can be 
produced by stimulating, i.e., | oN ing; heating, etc., the 
open surface of a wound or th@gutaneous nerves themselves. 
But such stimulation give ensation of pressure or heat, 
only pain, and this sg a there must be some special 


mode of ending for th€yherve-fibres carrying sensations of 
pressure, heat and Qolf. 


The Muscular senso 

The muy r sense is less vaguely localised than the 
subjective sen SS ations we have examined, though its éxact 
location ASS not accurately defined.. What is called a 


ins sensation is the feeling of resistance which arises 
when kind of obstacle ïs. opposed to the movement of 
‘Dory or of any part of it; it is something quite different 


ow 
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from the feeling of contact or that of pressure. If we lay 
our hand flat on its back upon a table and rest a disc of 
cardboard upon the ends of the outstretched fingers, the 
only result will be a sensation of contact, the pressure of so 
light an object being inappreciable. If now, we put a two- 
pound weight upon the cardboard, the sensation of contact 
will pass into what appears to be a very different feeling, 
namely, that of pressure. Let now the hand be raised from 
the table; another feeling, that of resistance to effort, will 
make its appearance. This feeling comes into existence with 
the exertion of the muscles which raise the arm, and it is 
the consciousness of this exertion which goes by the name 
of muscular sense. 

Anyone who raises or carries a weight knows well 
enough that he has this sensation though he may be puzzled 
to say where he has it. Nevertheless, the sense itself is 
very delicate, and enables us to form tolerably accurate judg- 
ments of the relative intensity of resistances.. Persons who 
deal in articles sold by weight are able, by constant practice, 
to form very precise estimates of the weight of such articles 
by balancing them in their hands, and in doing this, they 
depend in a great measure upon their muscular sense. 

The muscular sense embraces more than the mere 
consciousness of the resistance to effort involved in the act 
of lifting a weight. Thus, it is a matter within everybody’s 
experience that, even when the eyes are closed, we are well 
aware of the direction and extent of any ment of any 
part of the body. Moreover, we are e conscious of 
the position of any part of the body at moment, whether 
the position is the result of our ov oluntary movement 
or the result of the action of so ther person who has 
placed the part in its actual ey . In all such cases the 
muscular sense supplies the of our knowledge of the 
position or of the moveme f the parts of our body. 

The muscular sense Şi ibutes largely to our knowledge 


of the external world. ough the muscular feelings are 
Qy, they are delicate and enable us 

differences in the range and force of 
movements. lar movements are an important factor 
in acquiring.a “Knowledge of the space relations between 
things segg, though how the muscles help in these 
space-pe ions, whether by their own sensations or by 
awak sensations of motion in the skin, retina and 
artic surfaces, is still undecided. It is in combination 
witt\ other senses that the muscular sense plays its most 

1 rtant part, for, in almost all sensations, muscular sensa- 
Osions form an element. In listening, the muscles of the 


rather difficult to 
to discriminate slj 
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ear-drum contract and the head is moved in the direction of 
the sound. The delicacy of the sense of touch stands in a 
definite relation to the mobility of the different parts of the 
body, those parts being most mobile which are most delicate 
of touch. Combined with tactile sensations, muscular sen- 
sations give rise to composite sensations which enable us to 
estimate small differences of weight and small amounts of 
resistance, and also render possible the knowledge and rela- 
tions of. the parts of surfaces and solids that enter into the 
idea of form. 

The muscular sense plays an important part in the work 
of the eyes. We ascertain the distance of near objects in 
terms of the amount of convergence, i.e., of the muscular 
work we have to exert to bring the two visual axes to bear 
on the object looked at. Likewise, we estimate, to a certain 
extent, the length and width of objects by the amount of 
muscular effort we have to exert to cause our visual axes to 
move along the length or width of the object under examina- 
tion. In a general way, the changes in the visual field due 
to the rotation of the eyes under the action of the extra- 
ocular muscles aid us in the building up of our complex 
ideas of the objects in the external world. 


The Nervous Mechanism of Sense-Organs Generally. 

In a general way, all sense-organs consist essentially 
of a peripheral neuron connected, either A ae through 
intermediate neurons, with the cells of the Posy of the 
brain cortex. concerned with the perception uch, or of 


_ smell, or of taste, or of sound, or of ligh 


Let us take as example the sense ior i, > Ane external 
part of the mucous membrane of th is constituted by 
an epithelium in which certain is e differentiated and 
assume the form of nervous Os cells. Their proto- 
plasmic or dendritic processes Q} eit short and slightly 
project over the surface of t(% mucous membrane so as to 
receive directly the stimulan produced by currents of air 
laden with smelling s which pass into the nasal 
cavities. The axongNyr cylinder-axes of the cells are 
grouped so as ae O a nervous trunk which ultimately 
reaches the cells ef e portion of the cortex concerned with 
the pereeptionga 2e ensation of smell. 

In mor mplicated sense-organs the main arrange- 
ment ENY the same, but intermediate neurons are inter- 
calated OW the path of the impulses. In other words, a 
senate consists essentially of a peripheral neuron, the 
proto@laSmic or dendritic processes of which are directly 


2 sed to the stimulation of some external agent (smelling 
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particle, or sound waves or light waves), and of a central 
neuron in the brain in which the stimulations are received 
and converted into sensations. These two neurons may be 
connected together by a variable number of intermediate 
neurons which form a continuous path along which impulses 
travel from the peripheral to the central neuron. 
As a general rule, the nervous cell forming the cellular 
body of any neuron receives its stimulation by its proto- 
plasmic or dendritic processes, which are cellulipetal, and 
transmits it to the protoplasmic or dendritic processes of the 
next neuron by its axon or cylinder-axis, which is then 
cellulifugal. 
All peripheral sensitive neurons do not react to the same 
stimulus. According to the kind of stimulus to which they 
react the various sense-organs are classified under the five 
main headings :— 
_(1) The protoplasmic processes of certain neurons are 
distributed into the skin and, as we have seen just now, they 
have the property of reacting to mechanical pressure and to 
heat or cold, etc. They enable us to perceive the form, the 
dimension, and the temperature of external bodies by simple 
contact. The skin is therefore the seat of the sense of touch, 
or of tactile sensibility. 
(2) The dendritic processes of other neurons are dis- 
tributed to the surface of the tongue; they have the property 
of being stimulated by liquids, or by substautes capable of 
being dissolved by the saliva, and enable perceive the 
taste of these substances. The tongue is ps the seat of the 
organ of taste, or of gustative rue 
(3) Other peripheral: neuron e aren protoplasmic 
processes on the surface of th Srk membrane of the 
nose, aS we have seen just ns) nd these processes are 
stimulated by gaseous subefances, or by air laden with 
particles of smelling matter ;$ħe nose is, therefore, the sense- 
organ concerned with t Lperception of smell, the organ of 
olfaction. S 

(4) In thee NWO rave again a peripheral neuron, the 
dendrites of w N stimulated by sound waves, :and the 
axons constitut e acoustic nerve. This arrangement con- 
stitutes the* ous part of the organ of hearing. 


(5) ly, in the eye, the protoplasmic processes of 
the vist ells of the retina are particularly adapted to the 
stim produced by light waves or light rays, as we shall 


a more fully at a later stage. 
n the case of the organ of hearing, and that of the 
Oprgan of sight, the purely nervous apparatus is accompanied 


a 
| 


. 


O 
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by other parts which, though they are not directly concerned 
with the perception of sound or that of light, yet enable the 
proper stimulus. produced by sound waves or light waves to 
be utilised to the best advantage. In-one of the next 
chapters we shall deal with these parts, at least as far as 
the organ of sight is concerned. 


Evolution of the Eye in the Animal World. 


A definition of the eye is somewhat difficult to give con- 
sidering the numerous variations of form the organs of sight 
assume in the zoological scale. As we have already stated, 
the lowest types of living beings are unicellular, and light 
reacts on the protoplasm of the cell in a vague and confused 
manner, determining in it various movements and reactions 
which, of course, cannot be regarded as constituting a sense 
of vision. -A little higher in the scale, we find that some 
portion of the protoplasm tends to become differentiated or 


specialised in view of the formation of a rudimentary organ 


with a new function; thus, in pluricellular animals, the 
simplest visual organ or eye-spot is formed by certain cells 
of the ectoderm or covering surface, the protoplasm of which 
becomes loaded with pigment; here again, there is no vision 
in the usual sense of the term, but if we continue to ascend 
the zoological scale, we soon find that the nervous system 
appears with its special function of collecting, controlling 
and centralising the most various forms of EÅ pulation 
received from the external world, and especia jẹ. see the 


„apparition of an organ intended to receive impressions 


or nervous fibre. to the nervous cen Such are the 
unicellular eyes of many worms ate) some of the lower 
types of molluscs. It is clear thag, tig isolated element, this 
elementary eye, cannot give agyMing more than a mere 
quantitative or perhaps a Wey ‘ive notion of light.- In 
order that a notion of the ASY n followed by luminous rays 
may be obtained, it is neQessdry that similar elements may 
become grouped so as rm a convex surface—this brings 
us to the compound(eyeof arthropodes (insects, spiders, etc.). 


produced by light. This organ is “ah y a conductor 


The Compound E Insects. 


The exe he domestic fly consists of a hemispherical 
convex fageXW surface, and dissection shows that the organ 
is a collas n of conical elements, each of: which is an 
elemem gry eye or ommatide, built on the type of the simple 
ey. rôrms, but with a'higher degree of perfection. Thus, 
thé pxternal facet of each ommatide is transparent and may 


AČ 
wy 
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be regarded as a cornea; behind it there is a transparent 
cylindrical or more exactly conical rod of highly refracting 
material which corresponds to the crystalline lens of the 
human eye, and is termed the crystallinian cone. A mem- - 
brane or retinula receives the posterior end of the crystalline 
cone and a nervous fibre connects this membrane with the 
optic ganglia or nervous centres. Each elementary eye or 
ommatide is- separated from the neighbouring ones by 
sheaths of pigment. The purpose of each ommatide is 
evidently to collect the luminous rays proceeding from 
objects in various directions. This is ascertained by a 
microscopic examination of the posterior end of a compound 
eye when the corneal facets are directed towards various 
sources of light; it is then seen that the retinula of each 
ommatide is occupied by a luminous spot which is a 
minuscule image of the source of light towards which the 
ommatide is directed. It follows that a compound eye gives 
an erect image of the surrounding space. 

If we consider that in many instances the refracting 
apparatus must work both in air and under water, as is the 
case for amphibious arthropodes, it is logical to attach but 
little importance, from the optical point of view, to the 
curvature of the outside or corneal surface, and to assume 
that the refracting power is entirely or almost entirely due 
to the crystallinian cone. An examination of this structure 
with the microrefractometer shows that it iş not optically 
homogeneous, but is made of concentric laghifje, the refrac- 
tive index of which is maximum along t(®%xis of the cone 
and decreases gradually as the su nding pigmented 
sheath is approached. It can nS. e seen that such a 


structure acts somewhat like a co gent lens, the converg- 
ing effect being due to the vđrià®n in the indices of the 
concentric layers instead of Kein produced by the curvature 
of the refracting surface, a€$ the case in lenses. 

These consideration on that the compound eye as 
found in insects, spide derives from a primitive type, 
namely, the pigm XG t of worms; this pigment spot is 
convex and so is external or corneal surface of the com- 
pound eye, siĝcg this surface is made of a collection of 
convex elemeatafy eyes. For this reason, the compound eye 
is termed an extrorse eye. 

Up ow we have seen that the evolution of the eye 
i two main stages. In the first stage, represented 
by the igment spot, the element sensitive to light is isolated. 
eye of this sort can only provide a quantitative and 

haps a qualitative notion of illumination, but not any- 
Orting comparable to vision as we understand the expression. 


N 


EVOLUTION OF THE EYE 139 


In the second stage, represented by the compound eye, the 
various components are so grouped as to project onto the 
sensitive membrane a rough erect image of surrounding 
objects. 


The Eye of Molluscs. 


In the third stage, we find a more perfect type 
characterised by the fact that the sensitive membrane forms 
a concave surface on which a dioptric apparatus projects an 
inverted image of external objects. Exactly as the com- 
pound extrorse eye of arthropodes derives from the convex 
pigment spot, the more perfect eye of higher animals and 
man derives from the hollow or concave eye-spot found in 
the lowest types of molluscs. All the steps in the progressive 
development are met with at some part of the zoological 
scale. The small concave depression becomes enlarged and 
the edge of the cup-like structure narrows until we have a 
hollow cavity presenting a small opening or pore through 
which luminous rays may enter. Thus, in the case of the 
Nautilus, a mollusc of the lowest type, the eye is comparable 
in all respects to a pinhole camera; an image of external 
objects is projected in it with a relative sharpness, but the 
luminosity or brightness of this image is obviously slight. 
The closing of the cup by a transparent membrane and the 
adjunction of a refracting medium constitute the next im- 
provements, and have the effect of notably inc Sets the 
sharpness of the image. At the same time, th or aper- 
ture through which “light is admitted is e ma a fact 
favourable to a greater brightness, without Oe of sharp- 
ness. The eye of the common snail is n this principle. 
It is a globe, approximately sagen osed in a resisting 
env elope or sclerotic, perforated by e through which the 
optic nerve enters. At the opposie Cx the sclerotic is trans- 
ferred into a transparent cor The central cavity is 
occupied by a transparent y playing the part of the 
refracting media of the ht eye. The retina is made of 
rod-like cells between WO igment cells are arranged. 


The Eye of Mamma fO 
y 


rpe described just now that the human 
gradual improvements, consisting in the 


filling INNS ater part of the ocular cavity, in the formation 
of an nee or chamber filled with aqueous fluid, and in the 
devgjgpeni of the iris diaphragm. In the lower types of 
vart&frate animals the crystalline lens is movable bodily, a 


f@yure intended to adapt vision to different distances, 
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whereas in the higher types, this same adaptation to various 
distances, or accommodation, is secured by alteration in the 
curvature of the crystalline lens under the action of a special 
muscle termed the ciliary muscle. 


Production of Light by Living Beings. 


To conclude this brief survey of the effect of light on 
various organisms, a few words on the production of light 
by living beings may be of interest. Man found such diffi- 
culties in first obtaining fire and its twin-brother light that 
old legends will have it that a mortal stole it from heaven. 
Yet numberless creatures belonging to species descending 
lower and lower in the scale of life can both generate and 
radiate light. By means of the light thus radiated, either 
from their bodies generally or from special organs, they can 
illuminate the medium in which they live. 

A great many bacteria included in the genus Photo- 
bacterium, present the photogenic function, i.e., the faculty 
of emitting light, to a fairly high degree. It is to bacteria 
of this kind that the phosphorescence of some fishes is due. 
In these low organisms the photogenic function is diffused 
in the cellular protoplasm, but on ascending the scale we 
find that the function becomes located in some special 
organs. - Many crustaceans are luminous, having on various 
parts of the body some luminous globules or photospheres 
which are sometimes fitted with reflectors and lenses, and 


have been mistaken for eyes. S 
Of all animals, insects are those oe exhibit the 
photogenic faculty to the greatest exteN The best known 
amongst luminous insects are the w-worm (Lampyre 
noctiluque) the luciole and the Py ore, commonly called 
Cucujo by natives of West Indfes In the glow-worm, the 
luminous apparatus cms A two - small yellowish 
spheroidal masses ‘on each of the posterior part of the 
body. In the pyrophor oO. are three lamps, two are 
symmetrically placed ach side of the head near the 
junction of the he the thorax; the third is on the 
lower part of the , in the middle line, and cannot be 
seen when the (ns@tt is at rest on the ground... When the 
three lamps, action, the light given by the third one 
is brighter that given by the other two acting together. 
The å inating power of one of the pyrophore’s side- 
lamp timated to be 1-150th of a candle, and the pair of 
h 


en brought about 30 cms. from fine print, permit 
t rint to be read. l 
he light emitted by. the pyrophore and the glow-worm 


as been investigated by means of the spectroscope, which 


AO 
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shows that the spectrum it produces is continuous, without 
dark lines, and-extends from the line B to the line F; this 
means that the radiations the mixture of which constitutes 
the light emitted by the animal -contain alittle less. red 
and considerably less violet than ordinary solar light; in 
fact the violet is hardly visible in the spectrum of the pyro- 
phore light and this explains, no doubt, the weak actinic or 
chemical action of this light, An exposure of at least five 
minutes has been necessary to obtain the photograph. of 
an object illuminated by the light of a pyrophore, the plate 
used being of such a sensibility that an image equally 
intense could be obtained in a fraction of a second when the 
same object was illuminated by ordinary daylight. 

The calorific power of the light emitted by luminous 
insects is infinitesimal as compared with that of our ordinary 
sources of light; whereas with our usual sources of light 
about 96 to 98 per cent. of the energy spent to produce light 
is transformed into heat which we do not want, and only 
4 or 2 per cent. is transformed into the light we do want, in 
the case of the pyrophore light, the figures are exactly 
reversed, about 98 per cent. of the energy spent by the 
animal to excite its lamps being transformed in light, and 
2 per cent. only in heat. Such a light is termed a cold light, 
and it is only when the production of a light of this sort is 
possible industrially that the problem of illumination will 
be solved on an economical basis. 

Amongst the higher animals, the photoge Mi nction is 
only observed in those fishes which live in ab 
beyond the reach of the remotest rays : 
reader who may be interested in the s t will find fuller 
information in a lecture delivered b Quthor at a meeting 
of the Optical Society on ee 14th, ‘t9r2:)- "This 


lecture is reproduced verbatim the Transactions of the 
Optical Society (Vol. XIII. ges 34-62), and in The 
Optician (November and De@mber, 1912). 


The Embryological DevelORNN ‘the Eye. The Optic Vesicles. 

As we have alt Seine out (page 17), every living 
creature Starts lite C, a single cell, ie, frof a minute 
corpuscle of liyi substance or protoplasm in the mass 
of which a aw body or nucleus is embedded; this 
cell or ovu RN ‘titer it has been fertilised, lives and grows 
for a ce Y period, then it divides itself into two halves, 
each of N ch gradually assumes the size and shape of the 
She wi These two in their turn divide, giving rise to 

so on. This process goes on until the embryo is 
side gregate of numerous nucleated cells similar to “each 
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other. Then, the cells arrange themselves in three layers, 
the outermost being called the epiblast or ectoderm, the 
innermost the hypoblast or endoderm, and the middle one 
the mesoblast or mesoderm. 

From these three fundamental embryological layers, all 
the tissues and organs of the adult are formed. In this pro- 
cess of development there is not only cell multiplication, but 
the original cells which were undifferentiated, i.e., all similar 
to each other, become changed into groups of differentiated 
cells, the cells of each one group being like each other but 
unlike those of other groups. Eact set of differentiated cells 
constitutes a tissue and each tissue is variously distributed 
amongst the different organs, each organ generally consist- 
ing of more than one tissue. Some cells become thin and 
flat, and, cohering at their edges, form the blood-vessels ; 
others become elongated and thread-like to form the fibres 
of the muscular and nervous tissue; others become separated 
by intercellular substance derived from the cells themselves 
and in this intercellular substance, fibres such as are found 
in connective tissue may arise or calcareous matter is 
deposited as in bone. 

From the three embryological layers mentioned above, 
all the tissues and organs of the adult are formed, the cells 
multiplying by division, as we have explained, and the 
different structures being developed either byyoutgrowth of 
existing parts or by involution or invagin oN i.e., folding 
in of existing parts. From the ectoder e epidermis or 
outside covering of the body, the ne s system and the 
nervous apparatus of the sense-or are formed. The 
endoderm forms the respiratory a e digestive system and 
the mesoderm, the blood corp , the connective tissue, 
the bones and the muscles of&hè pody 

At an early stage in t evelopment of the embryo a 
folding of its cells takes @jace so that the upper embryonic 
area assumes the chara of a groove termed the medullary 
or neural groove ( g7 10). As growth proceeds and the 
cells continue to SMiiply, the two edges of the groove 
approximate ad piftimately fuse together; the effect of this 
is to transfo What was the neural groove into the medul- 
lary or ne canal which is destined to become the central 
canal of. spinal cord, and the cavities of the brain known 
as RNY les. The walls of the neural canal are composed 
of cN of the ectodermic layer, and it is from these cells 
gii whole central nervous system as well as the most 
iwvportant parts of the nervous apparatus of the eye will be 

ormed. 
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The hinder or posterior part of the canal is narrower 
than the anterior portion. This posterior part iś that which 
gives rise later on to the spinal cord, whereas the front or 
anterior part is concerned with the development of the brain 
itself. Here, at an early stage, two very obvious constric- 
tions appear in the region of what is to be the brain. These 
constrictions divide the brain into three distinct parts or 
vesicles, as we have explained before, and as shown 
diagrammatically in fig. 11. A part of the posterior vesicle 
ultimately develops into the cerebellum or little brain, the 
other part forming the medulla oblongata or hind brain in 
which lie so many of the centres of nervous energy. The 
central vesicle formed by the constrictions will form what is 
known as the middle brain. | The foremost or anterior 
cerebral vesicle is of the greatest importance from our point 
of view, since it is from it that the great mass of the cerebral 
hemispheres or cerebrum is developed together with various 
outgrowths, amongst which is the nervous apparatus of the 
eye. 

If we follow the development of the embryo brain from 
an early stage, we soon see a couple of hollow pear-shaped 
vesicles which spring from the foremost part of the first or 
anterior cerebral vesicle; these growths are the primary optic 
vesicles; they are at first directed outwards and forwards, 
but presently grow downwards and ultimately reach the outer 
covering of the body, i.e., the outer ectoderm in t 
which the eye will ultimately be. A remar 
then occurs; the portion of the optic vesicle r 
brain gradually flattens, then becomes con , and finally 
penetrates into the portion of the vesicle r to the brain, 
this invagination giving rise to a kindg€yup formed of two 
layers applied over each other just ad ope might form a cup 
in a blown paper bag by forcibly essing one portion of it 
into the other. The cup-like stragdture thus formed is the 
secondary optic vesicle; it djf@ys from the primary optic 


vesicle in the fact that its is made of two laminz, the 
internal one representi e distal part of the primary 
vesicle, the part rem m the brain; this internal layer 


will give rise to the fetiha proper, whereas the external one, 

representing the , imal part of the vesicle, the part near 

to the brain, wigs m the pigment epithelium of the retina. 
n 


(See figs. 1 AS d 17.) 

Tus A etina proper is developed at the expense of 
the internaNk&yer of the secondary optic vesicle, which itself 
repre an island of the wall of the neural canal derived 
from, the ectoderm. This fact is of importance since, as we 
safe presently, it explains the inversion of the retina. 
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The Formation of the Lens, 


At the point where the secondary optic vesicle comes 
into direct contact with the outside covering there occurs a 
thickening and a depression of this covering; the pit thus 
formed, the lens pit, is converted into a closed sac or: lens 
vesicle, the thick edges of the pit joining together. Later 
on the lens sac severs itself entirely from the horny plate, its 
source of origin. -The hollow of the sac is afterwards filled 
by multiplication of the cells of its’ thick walls, and thus we 
get the solid crystalline lens, which is of purely ectodermic 
origin. 

At first the lens lies directly on the invaginated part of 
the secondary part of the secondary optic vesicle, but the 
two structures soon become separated, a new part, of meso- 
dermic nature, growing between them. Finally, a complete 
fibrous envelope, also of mesodermic origin, is formed about 
the whole of the organ and its stem or optic nerve; it 
originates from the part of the head plate which immediately 
surrounds the eye. This envelope takes the form of a closed 


Fic. 15. Fic. KOR Fic.- 17. 


Fies. 15, 16-and_17 illustrate ee different stages in the development 
of the eye in the human embry Fic. 15 shows the development of the 
primary optic vesicles, in the of pear-shaped hollow bodies, 1-1, which 
spring from the lateral par he anterior cerebral vesicle and push. their 
way outwards.toward th of the head where the eye will ultimately 
be, remaining attache e”cerebral vesicle by a stem which will become 
the optic nerve. ci primary vesicle thus moves towards the ultimate 
position of the eye external wall thickens, then flattens and finally is 
pushed inwards. sq\ayg to form what is called the secondary optic vesicle, 
shown in 2 an in Fics. r6 and 17. From the lamina 2 of the cup-like 
structure repingied by the-secondary optic vesicle, the pigment epithelium 
Ma will be formed while the invaginated lamina 3 will develop 

proper. e e 
16,4 represents the external or ectodermic layer in what will 
be t ad’ of the embryo. This. layer gradually hollows and thickens, by 
prajifePation of its.cells in the. part just opposite the secondary optic vesicle ; 
entral part of it thus forming the lens pit. A further development 
itðgives rise to the embryo crystalline léns which at first remains attached 
OË the -outer ectoderm but ultimately separates from. it to constitute the 
lens as shown at 5 in Fic. 17. 
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round vesicle surrounding the ball and pushing its way 
between the lens and the front plate; the wall of this capsule 
soon divides into two different membranes by surface 
cleavage, the inner lamina becoming the uveal membrane 
(choroid, ciliary body, and iris) and the outer one being 
converted into the outside protective coat of the eye, namely, 
the sclerotic and the cornea. 

The eye is now formed in all its essential parts. Let 
us revert to some important points in the development of 
) the eyeball. We have seen just now that the lens, which 
) develops from the ectoderm of the outside covering of the 
body, fills at first the cavity formed by the invagination of 
) the optic vesicle, as there is yet no vitreous to separate the 
retina from the crystalline lens. The vitreous develops from 
the mesodermic plate, which pushes its way between the 
inner lamina of the secondary optic vesicle and the lens. 


Á- 


O5 O Bae ee or eee 


The Feetal Cleft. 


Even as early as the time when the primary optic 
vesicle is undergoing invagination to form the cup-like 
structure we have termed the secondary optic vesicle, we 

notice that in the region of its lower side the wall of the cup 
| 
) 


is altogether deficient. Here, then, an infolding exists in 
the wall of the cup, a feature which is continued backwards 
in the stem of the optic vesicle (i.e., in what wjll be the 
optic nerve) in the form of a furrow (fig. 18). X through 


| 
Fic. 18 (after S, shows diagram- | 
matically that thè Retal cleft results from 
the same mecbam{sm as that of the formation | 
of the second ery) Optic vesicle, i.e., by folding | 
in of the ent®siér part of the vesicle, This 
cleft, widget first during the early periods | 
of devdopment, gradually narrows by 
apprgymation of its edges so that what | 
we, t call the primitive ocular -globe 
s the form of a spheroid body 
\ ed posteriorly to the brain vesicle 
y the optic stem and hollowed anteriorly 
C to lodge the embryo crystalline lens. 


| with mesg c tissue, gradually grow from the outside | 


this fissure a or ocular cleft that vessels, together 


into the rior of the eye, pushing a way between the 
retina al the lens. The cleft becomes closed when the 


deye ent of the eye is complete, though, as we shall 
on, it may happen that, owing to an arrest of 


see 
Fey loament, the closure does not take place and a gap is 


Ve 
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left’ either. in the optic nerve or in the globe, constituting 
what we shall study under the name of Coloboma. 

At this early stage the lens which has budded from the 

ectodermic covering. of the body lies in direct contact with 
this covering. Then, mesodermic tissue grows in from all 
sides at the anterior margin of the ocular cup between 
ectoderm and lens. In this mass of mesodermic tissue, 
there afterwards develops a slit which becomes the anterior 
chamber; the portion of mesoderm lying in front of the slit 
forms the cornea, the portion behind it forms the iris. At 
the same time as the mesoderm grows to form the cornea and 
iris, it also develops to enclose the whole of. the posterior 
part of the eye, and this envelope later on splits into two 
separate structures, the sclerotic outside and the uveal tract 
inside. 
Thus at first the sheath of mesodermic tissue which sur- 
rounds the secondary optic vesicle is made of round cells 
and no differentiation can be made between the outer coat cf 
the eye (sclero-corneal coat) and the uveal membrane. Later 
on the inner. part becomes vascularised and the two coats 
become distinct; pigment does not form in the choroid until 
the seventh month of foetal life and sometimes later. The 
stroma of the iris is not pigmented at birth, the pigmenta- 
tion taking place gradually and being completed about the 
end of the first year of separate life. 

The arrangement of the vessels in t 
different from that observed in the ad 
internal vessels derive from the centr 
nerve, which has been able to pass in 
and this artery, instead of merely ching into the retina 
as is the case in the adult eye, ues its course through a 
canal in the vitreous (canal of et) and reaches the vascular 
tunic of the lens in the pose part of which it branches and 
ramifies up to the circumfgrefice. At the same time vessels 
derived from it pass ong@aéd the anterior part of the lenstunic. 
Thus, the lens of ENN: yo eye is surrounded by a vascular 
membrane which } e portion corresponding to the pupil 
is termed the llary membrane. The whole of this 
vascular membfee, or tunica vasculosa lentis, as well as the 
hyaloid arte) disappears about two months before birth, 
but occa ily scattered remnants of the pupillary mem- 
brane the hyaloid artery are found in new-born infants. 
As WNentral artery of the retina passes into the canal of 
Cldquet, branches are distributed in the peripheral portions 


the vitreous body; these vessels also disappear shortly 
before birth. 


egeybryo eye is 

Most of the 
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The vessels of the retina develop by branching off from 
the central artery of the optic nerve at the nerve entrance 
and push on into the layer of the optic nerve fibres of the 
retina while the vessels of the vitreous, previously present, 
undergo obliteration. 


General Considerations on the Embryological Development of the Eye. 


The main point to bear in mind in this brief study of 
the development of the visual organ is the circumstance that 
the optic nerve, the retina and its pigment epithelium 
originate from an outgrowth of the brain, while the lens 
develops from the outer covering. The delicate conjunctiva 
which afterwards covers the outer surface of the globe also 
derives from the external layer of the embryo. The 
lachrymal glands are ramified growths from the conjunctiva. 
All these important parts of the eye are products of the outer 
or ectodermic embryological layers; the remaining parts, the 
vitreous, the choroidal or uveal coat, and the sclero-corneal 
envelope, are mesodermic formations. The outer protection 
of the eye, the eyelids, are merely folds of the skin, 

To sum up, in vertebrates the eye is mainly a part of 
the brain which has grown forwards towards the skin, and 
not merely a direct derivation of the covering envelopes of 
the embryo as is generally the case in invertebrate animals. 

We have already pointed out the fact that the retina of 
vertebrate animals is inverted, that is, that the ex he layer 
is most remote from the optic system; it ws that 
luminous rays have to pass through all t tinal layers 
before they can reach the sensitive one. disposition ‘is 
different from that presented by other sgi}“organs in which 
the sensitive part usually faces the aoum from which it 
receives impressions. The inversi the retina is neither 
a physical nor a physiological fec€Ssity, since there exist 
non-inverted retinz; such is the)case, as we have seen, in 
the retina of many invertebr , molluscs, for instance, and 
also in the pineal eye of so&fareptiles, about which we shall 
say a few words prese 

The peculiar si Òn of the sensitive layer in the retina 
of invertebrates fi s explanation in the development of 
the retina and ips € origin of the part of the brain from 
which it deriv It results from the researches of modern 
anatomists, only the ectodermic layer of the embryo, 
that is, t er the cells of which are directly related to the 
surroun N medium, is capable of giving rise to the sensi- 
oe of the sense-organs, or, as sometimes termed, to a 

seg} epithelium. When the ectoderm of the embryo 
has become invaginated on the dorsal line to form first 
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the neural groove, and later on the neural canal, the ecto- 
dermic surface becomes the internal surface of the canal; it 
is this surface, and this surface only, which, owing to its 
origin, is apt to give rise to the sensory cells of the retina. 

It must be borne in mind that the retina is developed at 
the expense of the internal layer of the secondary optic vesicle ; 
the posterior surface of this layer corresponds to the primitive 
ectodermic surface; it is therefore this surface which is 
capable of forming the sensitive layer. In other words, we 
can say that the visual cells occupy the posterior surface of 
the retina because this surface is a derivation of the primitive 
ectodermic surface, origin of all sensorial cells. 


The Pineal Eye. 


We have alluded just now to the pineal eye. In the 
embryo brain of a vertebrate, the portion of the brain 
(anterior cerebral vesicle) from which the primary optic 
vesicle springs presents, at its upper part, a hollow 
diverticulum; this structure, which is called the epiphysis, 
resembles very closely the primary optic vesicle. In birds 
and mammals the epiphysis of the embryo becomes atrophied 
in the adult stage and forms what is known as the pineal 
gland. In some reptiles and amphibians, however, the 
epiphysis develops like the primary optic vesicle and, reach- 
ing the surface of the skull at a point corresponding to a hole 
in the bone termed the parietal hole, forms a\kind of more 
or less complete eye, generally hidden ures he skin. 

The parietal hole is well marked in @jossil amphibians 
of the Jurassic and Cretaceous pedis, Ichthyosaurus, 
Plesiosaurus, etc., and it is not pe) able that the pineal 

ell-formed and useful 
organ at the time these animald fpr ished. 

In most animals of th& present period in which the 
pineal eye exists (Gecko, Qhameleon, Iguana, etc.), this 
organ is in a condition @ arrested development and is not 
capable of performing Oye visual function, but in Hatteria 
Punctata, a lizard in New Zealand, it presents a com- 
paratively high. @@pree of perfection, though even then it 
does not seem\o}serve a useful purpose. 

The pingal eye of Hatteria is formed of a closed vesicle 
surround v1 a capsule of connective tissue. It is imme- 
diatel ors the parietal hole, and the skin covering the 
hol eprived of pigment; the anterior part of the ocular 
ve N is thickened to form a crystalline lens of cellular 
re; the posterior part is occupied by the retina, to the 
iddle of which a stem corresponding to the optic nerve is 
attached. 
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The development of this eye is easy to understand. The 
epiphysis pushes its way upwards, and, reaching the skin, 
becomes transformed into an eye by simple modification. 
The distal part of the vesicle thickens into the crystalline 
lens and the proximal part forms the retina, which is thus 
continuous with the lens at its edge, the two structures 
having the same ectodermic origin; the hollow peduncle of 
the epiphysis becomes the optic nerve. 

The layer of visual cells of the retina occupies the 
anterior surface of the membrane, which corresponds to the 
internal surface of the embryo brain. Though the retina of 
the pineal eye derives from a kind of cerebral vesicle, it is 
not inverted because there has been no invagination, no 
formation of a secondary optic vesicle. 

In Lacerta Ocellata, the pineal eye is built on the same 
principle, but symptoms of degeneration are apparent in the 
cells of the retina. In the chameleon, the pineal organ 
remains at a rudimentary stage. In many fishes and reptiles 
as well as in all birds and mammals, including man, the 
epiphysis does not reach the skin; the atrophy is complete, 
all that is left of it being the pineal gland, a small reddish 
body, about the size of a cherry stone in the case of a man. 


Main Points of Difference in the Development of the Eye in Invertebrate 
and in Vertebrate Animals. 


From these considerations and from what ha been said 
in the previous pages on the development A eye, it is 
clear that the visual organs derive from the derm, either 
directly by differentiation of the outsid vering of the 
body or indirectly at the expense of t erior part of the 
embryo brain. The mesoderm PROA es in an accessory 
way, and the endoderm does not t y part in the forma- 
tion of the eye. N 

The eye-spots found in XQ) ‘owest type of the inverte- 
brates are of an exclusive an,direct ectodermic origin. The 
compound eye of arthro S is developed from the hypo- 
dermic layer of the ow egument; the cells of this layer 
become transformed ¢ groups of cylinders perpendicular 
to the membrane Tm which they derive. Then, each 
cylinder is divi ransversely into two parts, an external 
one which wj ve rise to the crystalline cells and to the 
pigment ce and an internal one which will produce the 
visual ae pigmentary retinal cells. From the crystal- 
line celN e cuticle and the crystalline cone will be formed 
later aq. 

eyes of the lowest molluscs are also developed from 
©pilike depression in the outside tegument; the narrow 
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orifice of the pit may remain open so as to communicate 
with the aqueous medium in which the animal lives, as 
occurs in the case of the nautilus, or it may become 
obliterated so as to form a closed vesicle as in the case of 
gasteropode molluscs. In cephalopode molluscs, the eye, 
fitted with a true crystalline lens, is formed in a similar way ; 
the crystalline lens being made of two portions, the anterior 
one derived from the ectodermic covering, the posterior one 
from the closed vesicle. 

The eye of vertebrate animals belongs to the indirect 
ectodermic type. The pineal eye of lizards, which only. 
exists in a rudimentary state in the actual species, derives 
from the epiphysis, a hollow diverticulum proceeding from 
the upper part of the primary anterior brain, which pushes 
its way until it comes into contact with the outside skin at 
the level of the parietal hole; this pouch-like diverticulum is 
then transformed into an eye by simple modifications; its 
distal part thickens so as to. form a transparent lens, while 
the proximal part becomes the retina, the rods of which are 
directed forwards as is the case in the retina of molluscs, 
and are surrounded by pigment sheaths. A fibrous capsule, 
of mesodermic origin, forms the sclero-corneal coat. 

The development of the lateral eye of vertebrates is the 
result of three different formations: the optic vesicle, a 
cerebral product of the ectoderm, forms the retina proper 
and the pigment epithelium; the outside ectodeym forms the 
crystalline lens; and the mesoderm forms Re Juveal mem- 
brane and the sclero-corneal envelope. 

These considerations are sufficient ve an idea of the 
general development of the TATAN . When we study 
the various coats and refractin we we shall examine 
with more detail the a f structure of each of 
these parts. 


CHAPTER VIII, 
THE EYEBALL GENERALLY. THE SCLERO-CORNEAL:COAT. 


The Eyeball. 


As a general rule, the eyes of vertebrate animals and 
those of the human being are two in number, and usually 
occupy symmetrical positions in the head with respect to the 
sagittal plane of the body. There are exceptions to this rule, 
as, for instance, in the type of fishes (turbot, sole, plaice), the 
body of which is flattened from side to side instead of from 
above downwards as is the case for the majority of other 
fishes. In such animals, which swim on their side, the eyes 
are on the side of the body which is oriented upwards. This 
arrangement is secondary to the mode of life of the animal ; 
the embryo has symmetrical eyes, and it is but at a relatively 
advanced stage of development that one eye has become 
displaced by a rotation about the longitudinal axis of the 
body till it comes close to the other eye. The fully 
developed fish of this kind has thus a blind side directed 
downwards, and an upper side possessing two eyes, 

We need not insist on such peculiarities since we are 
mainly concerned at present with the human eye or, for the 
purpose of study, with the eyes of the highex\nammals. 
Even in such cases, though the eyes are g y paired 
and symmetrically placed, some instance cyclopia (a 
congenital malformation consisting in acon of the two 
eyes into a single median one) are ~~ ionally observed, 
but such cases are abnormal mo Q ities, the study of 
which belongs to the branch of ṣsclențÒtermed Teratology. 

A curious fact observedXin the lowest class of 
amphibians represented by th€Qriton and the salamander, 
is that of the regeneration @j the ocular globe. Bonnet 
(1779) was the first to fi at if the eyeball of a triton is 
partially destroyed it Ro reformed provided that about 
one quarter of the remains in the neighbourhood of 
the optic nerve. Aftgr an interval of time varying from one 
to six months, ejmall eye fitted with a transparent cornea 
and lens, with” normal iris and a new retina, is formed. 
This coke gow very slowly, and takes from twelve to 
fifteen s to réach the size of the other eye. The 
variou ts are regenerated at the expense of what is left 
of gitar tissues ; the cornea is formed from the sclerotic, 
the Nfs “and ciliary body from the choroid; the retina grows 

he expense of the pigmented epithelium and of the optic 


152 COMPARATIVE ANATOMY 


nerve trunk. The lens is formed by the proliferation of the 
cells of the superior pupillary edge of the iris. 

This regeneration of the lens, which has been carefully 
investigated by Colucci, Bracher, Benoit and others, is of a 
nature to impress upon us the fact that the lens and the 
retina, apparently so different, present a similarity of origin 
easy to understand when we remember that these two struc- 
tures are both ectodermic formations and can therefore grow 
on the same ground. During the few days following the 
extraction of the lens of a salamander or of a triton, the two 
pigmented layers which constitute the ciliary and iridic 
parts of the retina become the seat of a reaction charac- 
terised by a thickening and a depigmentation of these 
membranes. The phenomenon soon becomes localised at 
the upper pupillary edge; at this point the two layers, com- 
pletely depigmented, swell so as to form a kind of vesicle, 
which increases in size by proliferation of its cells and by 
their transformation into crystalline fibres. When the 
regeneration is completed, the new lens severs its connection 
with the upper pupillary border and remains in contact with 
the iris, thus.taking the place of the original lens. 

There is no relation between the ‘size of an animal and 
the volume of its eyes. For instance, among feline animals, 
the wild cat has eyes relatively bigger than those of the 
lion. The eyes of a whale are extremely small by com- 
parison with the enormous bulk of the body. he elephant 
and the rhinoceros have eyes smaller than th@xe bf the horse, 
the antero-posterior length of which is ap@j~41 mms. The 
eyes of the horse and the ostrich are largest amongst 
terrestrial animals. O 

Some kinds of animals hangers voluminous eyes 
compared to the size of the bédy.N This is especially the 
case for birds. The eye of &he~owl represents a third of 
the volume of the head; that@ the swallow represents 1-30th 
of the total weight of ‘@ body. On the other hand, 
amphibians and snake we very small eyes; the eye of the 
common grass sn eighing two centigrammes only 
(about a third of in) represents but one-thousandth part 
of the body we i 

Fishes Jiæjng in a scantily illuminated medium have 
large eyes Geers of a full-grown cod is as large as that of 
the horsgNtħe eye of the shark is bigger still; the eye of 
Ora cus reaches the size of a large orange, and its 


crystaMmhe lens is about as voluminous as the human 
asl 


>, n the other hand, the eel and some other fishes burrow- 
g in mud have small eyes and, as can be expected from the 
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law of adaptation of any organ to surrounding circumstances, 
the visual organ may be arrested in its development in those 
animals to which an eye would be useless, i.e., in those 
animals living in complete darkness. 

The eyes of bats, though not large, are Guals fairly 
well developed, yet in some species they are so minute and 
so feebly organised that they impart the appearance of 
blindness; hence the popular expression “‘ blind as a bat.’ 
In the long-eared bat the eyes are so small as to be hardly 
discernible, but they are more conspicuous in other species, 
e.g., the mouse-coloured bat. The eyes of most bats differ 
from those of other nocturnal animals in the fact that they 
are extremely diminutive, particularly in the parti-coloured 
bat and the Barbestella. In those types the eyes are at the 
bases of the ears, and often escape observation, as they are 
veiled by a long mouse-coloured fur. 

The imperfect vision of bats is counter-balanced by the 
exquisite delicacy of sensation of the membranous wings, 
which serve to direct the animal in its nocturnal flights. 
Spallanzani has found by experiments that bats whose eyes 
have been entirely obliterated can fly through small aper- 
tures with the same precision as those with normal eyes. 

The common mole has also very minute and imperfectly 
developed eyes, appearing as shining black globules lying 
deep in the skull, and often invisible owing tq the soft 
velvety fur which covers them. This state N eyes is 


adapted to the habits of the animal and to i ining and 
burrowing operations. 

According to Ree and to Darwin, os 2 the mole is 
an instance of an organ which is rudi ry not by reten- 
tion of foetal character (i.e., by a f development) but 


by disuse aided perhaps by natyraUselection. This theory 
of atrophy by disuse which 1 Relea in many other 
animals living in subterrane ne ber is borne out by the 
fact that in all Cheiroptera octurnal habits, like the bat, 
the retina is fairly well ped with long rods and a very 
apparent visual purples 

From these br) fQhisiderations, it is possible to draw a 
general ID GG eyes, giving large retinal images, 
are found in anjGegls which move quickly and require a good, 


instantaneous@wWsion; such is the case for birds, especially 
those of th€WOcturnal variety and, amongst mammals, for 
carnivo animals. 


n and the higher monkeys, the eye is almost 
apeg l in shape, hence the name of ocular globe. The 
eye measures as an average, almost one inch 


fs mms.) in its transversal diameter, a little less (roughly 
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24 mms.) in its antero-posterior diameter, and still less 
(23.5 mms.) vertically. It weighs about 7 grammes, and has 
a volume of 6.5 cubic cms. 

This spheroidal shape which is observed in the higher 
types of animals is, however, gradually departed from, and 
in a great many mammals the antero-posterior diameter is 
appreciably shorter than the other two principal diameters, 
but it is especially in fishes that this reduction is more marked. 
In many fishes the eye assumes the shape of an ellipsoid with 
three unequal axes; for instance, the three principal 
diameters of the eye of the pike, namely, the antero-posterior, 
the transversal and the vertical are respectively 10, 14 and 
12 mms.; in the eye of the shark they are 40, 66 and 
58 mms. 

In the study of variations in the form of the eyeball, we 
must regard the bulb as made of three distinct portions, 
which may present important differences in shape. These 
portions are the corneal portion, the fundus portion, and 
the portion of the ocular wall connecting the two precedent 
ones; this third portion is termed the intercalar portion; 
it extends from about the anterior limit of the retina 
to the sclero-corneal junction. In man, monkeys and 
many herbivorous mammals, the intercalar portion is reduced 
to a very small extent, is slightly flattened, and the general 
shape of the eyeball remains approximately spheroidal. The 
intercalar portion, however, takes a great S in the 
eyes of birds. 

In the eagle-owl, the corneal porti D to the 
fundus portion by a kind of funnel w RNY outside surface 
concave; the internal surface of th Onel serves for the 
insertion of the ciliary muscle ;,tNe)fundus portion of the 
bulb, in the form of a me S s depth but large 
curvature, is lined by the chgfgid and the retina. The pro- 
portion of the three portionsNdrming the ocular bulb of the 
eagle-owl is as follows: .5 mms. for the corneal part, 
17.5 for the intercalar nel-shaped portion, and 11 mms, 
for the fundus pores: iving a total antero-posterior length 
of'39qimms. EE eter of the posterior aperture of the 
funnel is 41 mys) whereas that of the anterior aperture is 
but 25 mms, is probable that this peculiar disposition is 
intended t mit the formation of as large retinal images 
aS possi r a minimum volume of the visual organ. 

Nerea portion is far from having the same 
pertafice in all birds; it is considerably reduced in the 
and in all aquatic birds, but its junction with the 
us portion always occurs under a sharp angle projecting 
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In many fishes the intercalar portion almost disappears 
and the ocular capsule seems to be closed by an almost flat 
cornea. In fishes living in deep waters the bulb assumes, 
however, a peculiar shape, the intercalar part becomes con- 
siderably lengthened in the antero-posterior direction, and 
the eye assumes a form resembling that of a telescope; more- 
over, the two eyes are very near each other, and their axes 
are directed forwards in almost parallel directions. 

This disposition, which would seem favourable to 
binocular vision is, however, an exceptional one in fishes; it 
has been observed in some species the eyes of which offer 
another peculiarity worth mentioning; the bulb is prac- 
tically immovable in its orbit; the iris and the accommoda- 
tive apparatus are completely absent, and the portion of each 
retina corresponding to the more anterior part of the eye, 
which is generally poor in sensitive elements, is 
differentiated into an accessory well-formed retina, probably 
intended to receive images of objects placed in the lateral 
parts of the visual field. 

It has been suggested that the great difference in the 
appearance of the eyes of birds of prey, with their projecting 
and highly curved cornea, and that of the eyes of fish, with a 
cornea which was thought to be almost flat, was due to a 
special adaptation of the organ to the medium in which the 
animals live. This explanation is not wholly satisfactory, 
especially when we consider that, according X recent 
researches made by means of an ophthalmomete¥S proved 
that the cornea of fishes is not flat, at least ng the central 
portion, where it generally has a radius of @NVature varying 
from 4 to 9 mms., which corresponds curvature about 
equal to or even greater than that of man cornea, 

It is more probable that the Long the difference in 
appearance is this: the skull of€a fish is attached to the 
vertebral column in an absolut immovable way, and the 
eyes absolutely fixed in thei@prbits cannot be rotated; it 
follows that in order to Onrou: him the animal has to 
move his body in diff irections. The bird, on the 
other hand, has a fai ong and flexible neck, owing to 
which each eye car bg turned in any direction. In fact, if 
we compare the gye to a photographic camera, we can say 
that the eye o ai is a small camera with a wide-angle 
objective, giy small images but having a large field. In 
the bird, N e other hand, the camera has a long extension 
and the N a long focus, so that the images are large but 
the fiet\is comparatively narrow. This would explain why 
the è f a fish is fitted with an almost spherical lens, the 
Diorio plane of which almost corresponds to the anterior 
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limit of the retina, whereas in birds’ eyes the equatorial 
plane of the lens is separated from the anterior limit of the 
| retina by the whole length of the intercalar portion of the 
[i ocular wall. 


| The Coats and Refracting Media of the Eye. 

| It is hardly necessary to remind the reader of the fact 
that from the point of view of its anatomical structure the 
| human eye is more perfect than that of any other animal, 
| and that it consists of three superimposed coats and three 
refracting media. 

| From the periphery (or from the outside inwards) the 
| coats are arranged in the following order. (See stereograms 
III. and IV. and descriptive line-drawings of each stereo- 
gram in appendix pages 407, 408, figs. 40 and 41.) 

(1.) An outer membrane or sclero-corneal coat which 
forms to a certain extent the external skeleton of the globe. 

(2.) A vasculo-muscular membrane, the uvea or uveal 
| tract which is divided into three portions, the posterior one 
i being called the choroid, the intermediate one the ciliary 
| body, and the anterior one the iris. 

(3-) A nervous membrane, the retina. 

The three refractive media are, from the front back- 
| wards, the aqueous fluid, the crystalline lens and the 
| vitreous body. 

The whole globe is supported by a quangity of fat and 
| loose connective tissue in the forepart of gQeYprbital cavity 
| somewhat nearer the outer and lower wal the cavity than 
to the inner and upper walls. The ie recti muscles and 


the two oblique muscles closely oe d the greater part of 


the globe, and enable it to rotate in certain limits about 
a practically fixed rotation wey 

The lids are in contact @iththe covering of conjunctiva 
in front, and behind the gy receives the thick stem of the 
optic nerve which, as w Il see later on, expands so as 
to form the retina. 


The human g ay be regarded as being composed 
of two segments} two separate spheres, of which the 
anterior (the C Q is smaller and more projecting than 
the larger pestéfior sphere corresponding to the sclerotical 


by ash groove termed the sulcus sclere. The corneal 


part of th Ler coat. The junction of the two is marked 
| 

spies a radius of curvature averaging about 7.8 mms., 
m 

| 


s but the anterior sixth of the whole eyeball, while 


seyemainin 5-6ths are formed by the sclerotic, that is, by 
er segment of sphere the radius of curvature of which 


| Oaveriges 12 to 13 mms. Fig. 19 shows the outline of the 
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globe so constituted, the dotted lines indicating the portion 
of each of the component spheres which does not take part 
in the formation of the ocular globe. 

It must be understood, however, that this is a purely 
diagrammatic representation of the human globe. As we 
shall see later on, the corneal portion of the outer coat is 
not strictly spherical, nor is it a portion of an ellipsoid of 
revolution. The most recent researches have shown that the 
cornea is not strictly of a uniform geometrical shape, and 
consists mainly of two parts, the central one (corresponding 
to the pupillar area) which is fairly spherical, at least in 
eyes free from corneal astigmatism, surrounded by a peri- 
pheral region which does not take any part in vision, and 


Fic. 19. 


Fic. 19 shows diagram- 
matically the spheroidal 
shape of the average 
humaneye. The portions 
of the diagram drawn in 
dotted lines indicate the 
parts of the two con- 
stituting spheres which 
do not enter into the 
formation of the globe. 


A 
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is of a distinctly flatter form than the Kial or visual 


cap. We shall revert to the point wfobently. For the 
moment, and for the purpose of È reasoning, we can 


opts 
regard the globe as having the shdpe)! dicated by Fig. 19. 
A study of the coats and Kedia of the eye will now 
occupy our attention. O 


The Sclero-Corneal Coat. Th erotic. 


As already point Qir the sclerotic and cornea, taken 
together, form the r coat or what we might call the 
external skeleton Cre eyeball. 

The shape 
shape of the 
whole extg 


the sclerotic corresponds ‘to the general 
all, since this structure forms 5-6ths of the 
envelope. For the purpose of description we 
e sclerotic as a portion of a sphere averaging 
12 to 13%ms. in diameter, and as presenting two openings, 
ong d front, one behind. The posterior opening gives pas- 
o the optic nerve, as we shall see later on. It is not 
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through the holes of which the bundles of nervous fibres 
constituting the optic nerve enter the globe. The anterior 
opening corresponds to the cornea. 

The sclerotic has, in its anterior part, a thickness of 
about I mm., i.e., is a little thicker than the rest of the coat, 
and furnishes a solid place of insertion to the recti muscles 
and to the ciliary muscle which are attached, the former at 
a distance of 6 to 7 mms. from the sclero-corneal junction on 
the outside surface, the latter to the internal surface of the 
sclerotic. 

The sclerotic is mostly made of bundles of connective 
tissue fibres, some of which are directed longitudinally, 
some others transversally. This arrangement is especially 
marked in the portion of the sclerotic near the cornea, i.e., 
in the region of insertion of the extra-ocular muscles, a 
region which is necessarily submitted to numerous tractions 
due to the contraction of the muscles, and is therefore rein- 
forced by numerous oblique bundles of fibres in addition to 
the two sets stated above. 

In its posterior part, the sclerotic is in direct continuity 
with the outside fibrous sheath of the optic nerve, i.e., the 
dural sheath. This can be ascertained with the naked eye 
in the eye of the whale, in which both the sclerotic and the 
dural sheath of the nerve have a considerable thickness; the 
fibrous bundles of the dural sheath of the nerve pass on 
into the sclerotic or, at any rate, in the superfigial portion of 
the sclerotic, and mingle with the circula a transversal 
and the oblique bundles belonging to th ter membrane. 
In those animals the orbital cavity of w forms an insuffi- 
cient protection to the eye, the sy tic: is very thick, 
especially in the posterior part; oe is the case in many 
mammals whose orbit is open oy external side. In man, 
and most monkeys, the orbf ms a-complete protective 
belt, and the sclerotic is red to a comparatively thin 
envelope. 

In mammals and i an, the structure of the sclerotic 
is purely fibrous, BN 1 other vertebrates with an incom- 
plete orbit its con tion is modified by the adjunction of 
cartilaginous a Sp plates, the purpose of which is to 
secure a be ep Otection for the eyeball. 


Thus, ony fishes, a cartilage, in the form of a half 
sphere wå hole for the passage of the optic nerve, extends 
as fa ont as the ora serrata, and occasionally up to the 


margin. The thickness of the cartilage is usually 


corne 
eye though, exceptionally, it is greater at the posterior 
paw, as in sea tortoises, or again, at the anterior part, as in 
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In many fishes bony plates are superimposed on the 
cartilage on the nasal and temporal sides of the sclerotic. 
The structure of these plates is laminated and -resembles 
that of dentine. These plates may take a considerable 
development, and ultimately join together to form a com- 
plete bony capsule surrounding the greater part of the 
eyeball. 

In birds, we find two new bony formations of unequal 
importance. The first is a small ring-shaped or horseshoe- 
shaped bone surrounding the optic nerve entrance; it is 
termed the posterior sclerotical ring. The second, much 
more important, is the anterior sclerotical ring, which forms 
the skeleton of the intercalar portion of the ocular envelope. 
It is funnel-shaped and made of 12 to 15 scales overlapping 
each other. 


The Cornea 


which fits in the anterior opening of the sclerotic, presents, at 
least in its central area, i.e., the area corresponding to the 
pupil, a well-marked curvature, especially in the higher 
terrestrial animals and in man, in whom the radius of curva- 
ture averages 7.8 mms. It is this membrane, together with 
the aqueous fluid, which plays the most important part in the 
total refraction work of the eye. As we have already pointed 
out, the normal human cornea was thought at first to be 
spherical, but up to the time when Javal and ae iz created 
a clinical method of ophthalmometry there wash known 
of the real form of the cornea. The ori SF ieinnors 
ophthalmometer being too complicated for ae purposes, 
the measurements of the cornea obtain means of this 
instrument were taken at three poi each meridian, 
namely, the point corresponding aes line and two 
other points on either side of th e. As the peripheral 
radii of curvature were found t@pe greater than the radius 
corresponding to the visual lige, the idea that the cornea of 
the non-astigmatic eye wast erica had to be abandoned, 
and it was assumed th rneal surface was in the shape 
of an ellipsoid of rev on about the long axis, which is 
directed outwards the visual line and forms an angle 
(angle alpha) of abowt 5° with this line. This notion, how- 
ever, differs wi from the reality; the cornea does not 
resemble an soid and Helmholtz was one of the first to 


point out allacy of this comparison. 


After e construction of modern ophthalmometers or 
keratonigters, it became much easier to study the question of 
A BO] hape of the cornea. -The second model of Javal’s 


almometer was fitted with a very large keratoscopic 


SS P 
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disc similar to a large Placido disc divided into graduations 
of 5° by concentric rings. After having made the usual 
measurements with the subject looking at the centre of the 
disc, the measurement was repeated by making him look 5° 
to the left, then 10° to the left, etc., and after having then 
measured the right half of the horizontal meridian, the left 
half was measured in the same way. We shall revert to the 
use of the Placido disc for a study of the shape of the cornea 
in the chapter devoted to the examination of the eye. 
A similar measurement was made of the two halves of 
the vertical meridian. Without going into details which are 
fully dealt with in Tscherning’s ‘‘ Physiologic Optics,” we 
shall simply say that such measurements were taken by 
Sulzer and Eriksen in Paris, and that they fully confirmed 
| the views of Aubert and Matthiessen, who had used Helm- 
| holtz? ophthalmometer and had arrived at the conclusion 
| that the cornea could be divided into two parts termed 

central and basilar respectively. The central one is approxi- 


o 10 20 25 
E 42.4 42.1 37.4 30.9 


FIG. 20. 


Fic. 20 (after Tscherning). Shape of the various zones of the cornea 
indicated by the appearance of the catoptric images of a well-illuminated 
square of white paper on a black background. 


mately spherical in eyes free from astig AE and of toric 
shape in astigmatic eyes; this part, whj orresponds to the 
pupillary area, is called the optical sual part. The sur- 
rounding or basilar part is much flattened, less regular 
and less polished than the cent rtion. This basilar part 
does not intervene in vision uQleS the pupil is widely dilated, 
and the fact that it is less r ar and less polished than the 
central or optical part expjains the slight success of optical 
iridectomies. 

Eriksen has tjo give a good idea of the variations 
of the radius of c SM of the cornea at various distances 
from the centr] Portion by observing the shape which the 
corneal cater images of a square of a white piece of paper 
assumes w this paper is successively placed straight in 
front of ubject, and then, at angular distances of 10°, 20° f 
Os 2°, and 33° from the visual line in its normal posi- 


ifferent forms corresponding to the internal half of the 
S rizontal meridian. The number at the top of each square 


AO 
wy 


253 
ioe 20, reproduced from Tscherning’s book, shows 


indicates the distance in degrees from the visual line, that 
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at the bottom the corresponding refracting power in dioptres 

of the system formed by the cornea and aqueous fluid. We | 
shall see presently that though the ophthalmometric measure- | 
ment of the peripheral portion of the cornea takes too much | 
time to be of service in clinical work, yet we can derive 
useful information in the matter by the means of the kerato- 

Fi scopic disc or Placido disc. 

Jo Since the optic system formed by the cornea and the 
aqueous fluid plays the greater part in the production of the 
total dioptric power of the eye, and since the power of the 
corneal system depends obviously on the curvature of the 

pi cornea, or at any rate, of the portion of the cornea corres- 
ponding to the pupil, it is clear that the optical importance 
of the corneal curvature diminishes in fishes and generally in 
aquatic animals, the eyes of which are immersed in a medium 
(water) the refractive index of which is not appreciably 
different from that of the ocular media, with the exception 
of the crystalline lens. 

On the strength of Plateau’s researches it had been 
thought for a long time that the cornea of a fish is practically 
flat and comparable to a plate of glass closing the ocular | 
globe in front. This opinion has, however, been proved | 
erroneous by ophthalmometric measurements of the central 
portion of the cornea of various fishes. These measurements 
show that the radius of curvature of the central area of the 
cornea of various fishes ranges from 2 or 3 mms. A17 mms., 
according to the size of the whole eye. Plat ad tried 
to ascertain the corneal shape by means of @sts, and his 
mistake is easily accounted for by the igs with which 
the membrane is depressed. 

The shape of the sclerotical Or its the cornea is | 


fitted is generally that of an oval the long axis hori- 
zontal even in spheroidal globe he oval form of the 

cornea is well marked in the è when the ratio of the 
horizontal and vertical merid@ys is that of 3 to 2. It is not 
so marked in other mam and in Sesh in which it is 
almost circular thoug orizontal diameter is slightly 
larger than the verticgNpne. 

A curious feat (rey ot the cornea is shown in a species of | 
fishes called Angbleps (Anableps tetraophthalmos). The 
cornea is divi nto two unequal portions by an opaque | 
horizontal , To each corneal portion corresponds a 
distinct War aperture; thus we have two visual organs 
in a si eye, a kind of bifocal eye, one part of which is 
adagja or aerial vision when the fish swims on the surface 
of w&gr,’ the other part for vision under water. Such bifocal 

gO are not rare in Arthropoda (insects, etc.). 


M 
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The relative size of the cornea and of the whole globe 
varies widely. In turtles, in the chameleon, the whale, the 
corneal diameter, i.e., the diameter of the sclerotical hole in 
which the cornea is fitted, is to the diameter of the globe in 
the ratio of 1 to 4. In fish, the cornea is very large, the 
ratio being that of 1 to 1.3. In the mouse the cornea forms 
almost one-half of the sclero-corneal coat and the same 
condition is observed, though to a less extent, in the rat 
and the rabbit. Birds of diurnal habits have smaller cornez, 
but in nocturnal birds the ratio approximates 1 to 1.8. In 
many mammals the ratio reaches the value of 1 to 2, i.e., the 
diameter of the sclerotical hole in which the cornea is inserted 
is about one-half of the diameter of the globe. 

As a rule, large cornee are found in animals living in 
comparatively dark media, like fishes, and in animals of 
nocturnal habits. In man, who has both diurnal and 
crepuscular vision the ratio of the corneal diameter to the 
| antero-posterior diameter of the globe is that of 1 to 2. 


Microscopic Structure of the Cornea. 

Though we are mainly concerned with the gross anatomy 
of the eye, i.e., with the macroscopic (by contradistinction 
with the microscopic) investigation of the ocular coats and 
media, yet a brief account of the minute or histological 
structures of these parts is really necessary to obtain a clear 
understanding of the normal working of the eye. 

Histologically, the cornea of man and of emst vertebrate 
animals presents three main parts, namely 
| (1) An external layer, the epitheliup€ 
| (2) The substantia propria, or ¢ a proper. 

(3) An internal layer linin anterior chamber and 

termed the endothelin) 

The external part is fofiqe of two zones: the most 
superficial one is representeADy an epithelium made of four 


| or five strata of cells, an continuous with the conjunctiva ; 
| the internal one, adja o the substantia propria, has been 


described as the a r limiting membrane of the cornea, 
or as E NE apr rane. Although it is still regarded by 
most anatomi as a separate formation, it does not 
materially di in structure from the rest of the true corneal 
NA moreover, it is absent in many vertebrates in 


which. Substantia propria extends, without appreciable 

modi N ons, up to the external epithelium ; such is the case 
in therabbit and the guinea-pig. 

he cells of the epithelium are arranged in three strata. 

Ò e superficial one is made of flat cells; the intermediate 


A? 


one of polygonal cells; and the deepest one of cells with a 
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flat base and a rounded apex; at the base of these cells pro- 
cesses are attached which penetrate in the subjacent layer. 
It is from the cells of the last-named stratum that the rest of 
the epithelial structure is formed. 

Bowman’s membrane, as we have already pointed out, 
has a variable thickness in vertebrate animals; it reaches its 
most complete development in fishes of the family of the 
sturgeon and the skate. In man, it has a thickness of 8 to 
10 p, and, as we have already pointed out, it is hardly dis- 
tinguishable in the rabbit and the guinea-pig. Its structure 
is always homogeneous. 

The substantia propria forms the greater part of the 
cornea. It is made of tissue yielding gelatine on boiling 
and chemically similar to cartilage. All the constituents of 
this tissue, and of the whole cornea for that matter, have 
the same refractive index, so that in the perfectly fresh con- 
dition it is impossible, even with the best microscope, to 

, make out any indication of structure. We shall come again 
on this point presently. After death, however, and with the 
assistance of reagents, the true corneal substance is found to 
consist of superimposed lamellz made of connective fibres 
arranged in parallel bundles. These elements are united to 
one another by an amorphous cement, the name of which | 
is derived from the parts it serves to connect (interfibrillar, 

interfascicular and interlamellar cement). | 

In most fishes the corneal plates are regul 
and are traversed in a direction perpendicular 
by cylindrical fibres extending without inte 
the whole of the substantia propria. T | 
as the sutural fibres of Ranvier, are fou most vertebrates | 
and in man, though to a varia gree; they always 
proceed from Bowman’s fees t they do not reach | 

| 
| 


parallel, 
efr surface 
ion through 
fibres, known 


as far as the posterior limit. of substantia propria. At 
the same time, the arrangement &#the corneal plates becomes 
more intricate in the high ertebrates; instead of being 
parallel, they are dispose a more or less irregular way, 
with, between them, s or lacunz which form a system 
of anastomosed can ed with lymph, in which connective 
cells termed corneakcglls or fixed cells, are immersed. These 
cells have ramifigd processes, which, by anastomosing with 


one another, f a reticulum connecting the cellsthemselves. 
Beside xed corneal cells we have just mentioned, 
the sub propria contains, in the intervals between the 


plates, riable number of migrating cells, the movements 
of oh are observable in the living cornea. 


A e internal portion of the cornea is formed of an elastic 
ri) brane, termed the posterior limiting membrane, or 
+ 
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| Descemet’s membrane, lined by an epithelial layer made of 
irregularly hexagonal cells and termed the corneal endo- 
thelium, or the epithelium of the anterior chamber. 

| In man, and most mammals, Descemet’s membrane is a 
strong elastic homogeneous layer, presenting, in transversal 
sections, bright and highly refracting striations. It is very 
resisting; when ulceration has destroyed the anterior layers 
of the cornea, Descemet’s membrane may, for a considerable 
time, alone prevent rupture, but when finally it does yield, 
or when it is perforated in injuries of the cornea, it behaves 
like all elastic structures, the margins of the opening retract- 
| ing and becoming curled on themselves. 

|| The thickness of Descemet’s membrane is not generally 
great, except in the horse, in which case it forms about one- 
eighth of the total corneal thickness. The endothelium is 
formed of a delicate but close mosaic of epithelial cells, flat 
in lower vertebrates, cylindrical or polygonal in mammals 
and in man. 

At the periphery of the cornea, Descemet’s membrane 
| becomes a little thicker to form the tendinous ring of 
Dollinger. From this ring fibrils proceed, which are 
reflected onto the iris to form what is termed the reticulum 
of the iridic angle or the pectinate ligament, well developed 
in the ox, the cat, the pig, the rabbit, as well as in the 
human embryo; in man, in the adult state, it is not so well 
marked. In fishes, this reticulum is replaced bY a solid mass 
which fills the iridic angle, and even co part of the 
surface of the iris. 


Nerve Supply and Nutrition of the Corne O 


The cornea which, as w 1 see later on, forms, 

together with the aqueou d, the main refracting 

|] apparatus of the eye, must~@Ndently be transparent, or its 
| essential purpose would Qhefeated. Most living tissues 
are nourished by bloody ssels, but, for the reason just 
| stated, the cornea i ception to this rule; blood-vessels 
i would diminish NA of the membrane, and 


| none of the c layers is vascular, at least in adult 
| mammals. Th aces we have described in the true corneal 
| substance ft a network of anastomosed canals, in which 


‘lymph ci G)ates and nourishes the cornea in a manner we 
will exiahe in another part of this work. (Chapter XVII.) 


cornea, on the other hand, is richly supplied with 

aay. which proceed from a branch of the trigeminal or 
pair of cranial. nerves, the ophthalmic branch or 
Obphitaints nerve of Willis. Before they penetrate in the 


AG 
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cornea these nerves lose their sheath of myeline, and subse- 
quently their neurilemma which would render them more or 
less opaque and become reduced to their transparent cylinder- 
axes. 

The corneal nerves are divided into two groups, the 
anterior and the posterior groups. The first forms, under 
Bowman’s membrane, a plexus, the sub-basal plexus. From 
this plexus bundles of fibrille or divisions of axis-cylinders 
of very small thickness run straight outwards to the 
epithelium, piercing Bowman’s membrane, and for this 
reason are called rami perforantes. On reaching the base 
of the lowermost tier of epithelial cells, each ramus’ breaks 
up into a pencil of delicate fibrils, which take a direction at 
right angles to that of the ramus itself, and, converging 
towards the centre of the cornea, form between the upper 
surface of Bowman’s membrane and the base of the lower- 
most layer of epithelial cells, a close-set horizontal plexus 
of delicate fibrils, the sub-epithelial plexus. From this sub- 
epithelial plexus still more delicate fibrils run upwards into 
the epithelial layers, forming between the cells an intra- 
epithelial plexus, and from this extremely fine fibrillz pass 
on upwards towards the outside surface. It has been asserted 
that these terminal fibrillæ project beyond the outside 
corneal surface, the free ends, swollen in tiny knobs, waving 
freely in the fluid which always bathes the cornea. This, 
however, has not been confirmed, but, in any case ane nerves 
of the cornea send off branches which end 4 Nee fibrils 
quite close to the surface, a fact which explaig®jthe exquisite 
sensibility of this part of the eye. It A ® necessary to 
point out that the detection of the TRE endings of the 
corneal nerves requires special PrOD cor they are seen 
best with the gold chloride method a) Nining. 

The posterior group of co RAP nerves innervates the 
deep portions of the membrane Q} Noe Descemet’s layer. 

The complete study of Caran of the optical pro- 
perties of the cornea ieee come within the scope of this 
work. As we have a ointed out, the cornea, taken 
together with the a a fluid (i.e., what we might call for 
the sake of TNI e corneal optic system) is the most 
important part KA GI com apparatus of the eye, at any 


rate in man ap Coil higher animals living in air, owing 
to its two e ial characters, namely, its regular shape (at 


least, in portion corresponding to the pupil) and its 
perfect trasparency. Strictly speaking, the cornea with an 
anterjọ surface of radius of curvature averaging 7.8 mms, 
Oe osterior surface the radius of which is slightly 


er than 6.5 mms. really constitutes a concave meniscus, 


S 
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since it necessarily has its edges thicker than the centre. As, 
however, the corneal substance has a refractive index prac- 
tically equivalent to that of the aqueous fluid, the posterior 
surface, thus immersed in a uniform medium (corneal sub- 
stance in front of it and aqueous fluid behind), has no 
appreciable optical effect, and for this reason we can regard 
the cornea and aqueous fluid as forming an optical system, 
separated from air by a surface (the anterior corneal surface) 
the radius of curvature of which is averaging 7.8 mms. On 
that assumption the dioptric power of the corneal system is 
about 43D. It is the difference between the length of the 
radius of curvature of the anterior and that of posterior sur- 
face which explains the fact that the thickness of the cornea is 
slightly greater at the periphery than at the centre. A direct 
measurement of the corneal thickness is somewhat difficult 
on eyes removed from the body and prepared for sections, as 
the membrane becomes swollen by immersion in all liquids, 
_especially water. After fixation in Miiller’s fluid (see 
Chapter XIX.) the cornea is permeated, especially in the 
posterior layer, and it is for this reason that on a section 
the posterior surface appears somewhat undulated and often 
shows a projecting swelling at the level of the edge of 
Descemet’s membrane. Fixation by formol or alcohol 
is the best to secure the appearance of normal anatomical 
conditions. 

As we have already remarked, the convex form of the 
cornea js not a general feature in the e ys all living 
beings. Considerable variations are oba in various 
animal species. In aquatic mammals ang@s shes, the cornea 
is relatively less curved than in th an eye, but this is 
counteracted by the fact that the 1 much more convex; 
in fact, the lens of many fishes cy ctically a sphere. Man 
seems to have the smallest by comparison with the 
size of the eye. In the ral) and in nocturnal mammals 
and birds it reaches a coggiderable size. 

In the case of sone ptscases or anomalies of the eye, 
the human cornea globe may assume an enormous 
size, as is shown Saar as On the other hand, and 
owing to an ar oO, the embryological development of the 
eye, the whee Obe and the cornea may be of a size con- 
siderably b the normal (microphthalmia). 

The ee occupies, as we know, the anterior portion of 
the ENS and is partly covered by the lids; the upper lid 
cover out one-sixth of the corneal area, while the lower 


so J practically level with the inferior margin of the cornea. 
s’only in the portion corresponding to the palpebral 
Oerture and especially in the central and paracentral part 
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‘of the cornea, i.e., the portion corresponding to the pupil, 
that this membrane is practically spherical, at least in eyes 
free from astigmatism. This region corresponds to what is 
-called the optical zone, and even in this region, the corneal 
curvature is usually slightly greater in the vertical than in 
the horizontal meridian, thus giving rise to the low degree 
of corneal astigmatism ‘which is 3 the almost general rule in 
the normal eye. 


Transparency of the Cornea and of the Ocular Media generally. 


The transparency and the perfect polish of the corneal 
surface, at least in the optical zone is, of course, a physio- 
logical necessity. To explain the transparency of the cornea 
we cannot do better than to give a quotation from Prof. 
Ranvier :— 

‘“Here is a block of glass, quite transparent. Let us 
break it up and hammer the fragments until the whole block 
is transformed into a mass of very fine particles, which we 
collect into a test tube. This mass, though made of trans- 
parent glass particles, separated from each other by air, 
which is also transparent, is perfectly opaque. If we pour 
water on it we give it a certain degree of transparency, but 
to restore to the mass its original transparency we have to 
fill the interstices between the glass particles with Canada 
balsam, whose refractive index is practically that,of glass.” 
The explanation of this experiment lies in RC ct that a 
body is transparent when all its elements, h er different 
in structure, are all of the same optical ley i.e» of same 


refractive index. 


This condition is fulfilled in the ea; not only the 
cells of the epithelium, the o asal membrane, the 
plates and cells of the saan Do Descemet’s mem- 


brane and the cells of the endo um have the same refrac- 
tive index, but the various constituting each of these 
elements, for instance, the ies of the cells, their nuclei, 
the sutural fibres and rcellular cement also have the 
same refractive indexN e proof of this is found in the 
impossibility to a these elements from each other 
when examined u the microscope in the living state. 
The same appt o the aqueous fluid, the vitreous and the 


deat le 
R the aqueous and the vitreous have not 
ed ame index as the cornea, and in this respect the 


latter p appreciably from the lens; we even find a 
dife in the index of the nucleus and that of the cortical 
pgyion of the crystalline lens, but these differences, which 
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co-operate to the focussing of luminous rays, and to the 
formation of retinal images, do not affect the transparency of 
each part considered separately. 

Thus, the condition for the transparency of a tissue 
depends on the uniform index of the various elements con- 
stituting this tissue. A further proof of this is afforded by 
the circumstances in which the transparency of the ocular 
media may accidentally disappear. 

A transient opacity of the cornea occurs after death. 
The fact, observed long ago by Louis, a French military 
surgeon of the time of Napoleon the First, has been care- 
fully investigated by Ranvier and du Bourget. They found 
that in man, about 12 hours after death, a corneal opacity 
appeared simultaneously in the two eyes, in the form of 
concentric rings, which fuse together and finally vanish 
without leaving any trace. The explanation given by 
Ranvier is that the fixed cells acquire a refractive index 
higher than that of the surrounding medium; this is shown 
by a microscopic examination of a cornea in which the 
opacity has just begun to appear; the cells are distinctly 
seen, and their nuclei, at first invisible within the cells, 
become more and more apparent. 

The cornea is rendered opaque by aqueous imbibition of 
the fibres constituting the substantia propria. Such an 
opacity may be produced by scratching the posterior or 
endothelial surface which is in contact with the aqueous 
fluid; in this case again the cells become Oy under the 
microscope, because they do not absorb N ater and their 
index remains higher than that of t res forming the 
plates, since the latter have become refracting owing to 
their swelling. In the case of opWÑrâry connective tissue, 
maceration in water is sufficien xhibit the fibrillar struc- 
ture; for instance, a fragmen don appears after macera- 
tion as a bundle of isolated ils. In the case of the cornea, 
however, it is only posypl€ in this way to obtain a very 
uncertain striation, WS) mplete dissociation is impossible. 
As Ranvier puts NE QO corneal fibres swell in the same 
manner as dried S 

Mechanicafc pression and extension also render the 
cornea Oro he fact is well known to oculists who have 


learnt to reGQ@#hise in this form of opacity a sign of extreme 
tension e contents of the eyeball in the affection termed 
glau 


same result may be obtained artificially by compres- 
Ne the whole globe, or by direct compression of the 
a between two glass slides, or again by a traction in 
pr directions on the two extremities of the membrane. 


aw 
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The degree of opacity is proportional to the intensity of the 
force exerted, and, on relaxing the pressure or the traction, 
the corneal tissue regains its transparency. A microscopical 
examination gives the key to the phenomenon; a striation is 
seen, which denotes a change of refracting power of the 
fibres, while the liquid medium escapes the effect of the com- 
pression or traction. 

The cornea becomes opaque by freezing, and its trans- 
parency is restored by thawing. A similar phenomenon is 
observed in the crystalline lens and the conclusion is 
evidently that, in both structures, some parts, richer in 
water, are more strongly affected by the change in refracting 
power which accompanies freezing. At the temperature of 
ebullition of water, the cornea and the lens are again ren- 
dered opaque; the effect of the heat is to alter to a variable 
degree the index of the fibres, the cells and their nuclei, and 
thus to render these elements distinct from each other. 

Strong electric discharges also determine the opacifica- 
tion of the cornea, the cells are killed, and their ruptured 
nuclei acquire a new index, owing to which they are dis- 
tinguishable from the rest of the corneal tissue. In the same 
circumstances, the crystalline lens becomes opaque, i.e., 
cataracted. Some instances are recorded in the case of men 
struck by lightning. 


The Sclero-Corneal Limbus or Sclero-Corneal Junction. 
Our description of the sclero-corneal eee not be 


complete if we were not giving a few supple ary details 
on an important part of it. 


The sclero-corneal limbus forms t it between the 
sclerotic and the cornea. It is somew ifficult to observe 
it on stained sections, but it is lo about 1 mm. from 


the imaginary line joining the pemp al ends of Descemet’s 
and Bowman’s membranes, this being always easily seen 
with a moderate magnificatio he limbus is thus a small 
region formed by the lps ee of the sclerotic, which is 
bevel cut at the expense ef @etnternal portion, and encroaches 
over a similar corneal 1 cut at the expense of the external 
surface. The energe en: of the sclerotical bevel over the 
corneal one is more Tharked at the upper than at the lower 
portion of the Bus, and this explains why, as we have 
already poin out, the cornea does not appear exactly 
circular, has a horizontal diameter slightly greater than 
the ARSA iameter. 


TheVimbus is interesting from the physiological point of 
vi wn e it is at this level that the excretion of the aqueous 
flu(d takes place, as we shall see later on. It is interesting 
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also from the surgical point of view, since it is the seat of 
the incision performed in many operations on the globe. 

In fact, the tissue of the corneal limbus is a zone of 
transition between the corneal tissue proper and the sclerotic. 
It is somewhat less transparent than the cornea though more 
transparent than the sclerotic; it shows some blood-vessels 
and numerous nervous fibrils; besides, it contains a vascular 
canal which we shall describe presently as Schlemm’s canal. 

In topographic order, it would be necessary to describe 
now the anterior chamber, its contents (the aqueous fluid) 
and the circulation of the latter. This portion of our subject 
will, however, be better understood at a later stage. 


The Cornea as a Part of the Refracting or Dioptric Apparatus of 
the Eye. 


As we have mentioned, before, the cornea (and aqueous 
fluid) form the most important part of the refracting 
apparatus of the eye. The corneal system has a dioptric 
power of 43D, i.e., about 24 times that of the lens in situ. 
In the average normal eye, the slight difference between the 
curvature of the vertical and that of the horizontal meridian 
causes a slight direct astigmatism which does not usually 
exceed 0.5 or 0.75D. This is compensated in most eyes by 
a corresponding degree of inverse astigmatism due to a slight 
inclination of the crystalline lens with respect to the visual 
axis of the eye. It follows that the so-called physiological 
corneal astigmatism is not noticed by th ject nor is it 
detected by subjective testing or with the oScope, though 
it is shown by a careful ophthalmometgNneasurement. 

Hence the reason for the empiri le that the correct- 
ing cylinder prescribed for actual should not be exactly 
that indicated by the ee r and that the difference 
between the subjective ane m and the _ keratometric 
astigmatism is obtained bey n addition of 0.5 or 0.75D 
against the rule to the gin iven by the ophthalmometer or 


keratometer. This ru bviously a merely empirical one. 
Javal had been abl tablish a relation between the two 
values, and the re O tained from his formula agree fairly 
accurately wit rved facts. 

It must be“whderstood, however, that the physiological 
direct asti ism is more exactly compensated by the 
inverse matism due to inclination of the crystalline lens 
whe ubject is young. In fact, this compensation is not 
entir due to obliquity of the crystalline lens, but to a 
X t extent to irregular contraction of the ciliary muscle. 

has been proved by Terrien, who has observed a case 

z PANOR of the globe which, together with a spasm of 
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accommodation, had determined a fairly high degree of 
temporary astigmatism. This disappeared after a few days 
at the same time as the ciliary spasm. 

As we shall see later on, the hardening or sclerosis of 
the lens may also be the cause of a variable degree of 
astigmatism. The fact has to be borne in mind in the cor- 
rection of the refraction in subjects of comparatively 
advanced age. This astigmatism of lenticular origin is 
chiefly characterised by the variation in the orientation of 
the principal meridians. Up to about 4o the vertical 
meridian has a slightly higher power than the horizontal 
one, which gives rise to the so-called physiologic astigmatism 
unless the defect is exactly compensated by an inverse 
lenticular astigmatism. The correcting cylinder, if convex, 
has then its axis vertical. The direction of the axis alters 
with advancing age, and tends to become inclined some- 
times on the nasal, sometimes on the temporal side. Hence 
the necessity in the case of elderly subjects to verify the 
power, and still more so the orientation of the axes of the 
cylinders every 2 or 3 years. 

The cause of these variations lies partly in the cornea, 
partly in the lens. The sclerosis of the latter and the 
irregular contraction of the ciliary muscle seem to have a 
predominating effect, but there is no doubt that the corneal 
curvature is also modified. The fact, which is easily verified 
by means of the keratometer, is probably due to Jass of the 
tone of the palpebral muscles. A partial closu KO the lids 
or a prolonged pressure on the globe nee on increase in 
the power of the vertical corneal emcee In fact, the 
physiologic corneal astigmatism is Os due to 
the pressure exerted on the vertical ade of the globe by 
the constant effect of the orbicularis le. A similar effect 
is obtained by a prolonged ieee on the globe in the 
direction of its vertical diameter O 

This is proved by care ophthalmometric measure- 
ments of the horizontal a of the cornea, the only 
accessible meridian wh lids are partly closed; such 
measurement compa’) th the measurement of the same 
meridian when the €yeyfS open shows clearly that the curva- 
ture of the horizo, al meridian during partial closure of the 
7 this diminution being obtained at the 
expense of, oportional increase of curvature in the 
meridian Qe vertical) which is submitted to a pressure. 
Many Ñ are recorded of astigmatic subjects whose 


astig m is more or less completely eliminated by a pres- 


sur rted on a particular part of the globe; a careful 
eg{Dination shows that the meridian corresponding to the 


172 THE CORNEA 


point of pressure is the meridian of minimum power, and 
it is obvious that the effect of the pressure is to equalise more 
or less completely the curvature of this meridian and that 
of the meridian at 90° to the first. 

The decrease of the muscular tone and the slight ever- 
sion of the lower lid margin which accompanies it in elderly 
people is calculated to have the opposite effect. 


The Sclero-Corneal Coat as an Organ of Protection. 


Together with the sclerotic the cornea forms the external 
skeleton of the eye. The cornea itself is protected by its 
anterior epithelium which, like all covering epithelia, may 
be reformed when partly destroyed at the expense of the 
deeper portions which constitute the true regenerative layers. 
This purpose of protection is purely mechanical, and the 
anterior corneal epithelium simply acts as a shield and its 
functions are not comparable to those of the bulbar con- 
junctival membrane; owing to its mobility and elasticity, the 
conjunctiva slides easily on the subjacent tissue and on the 
capsule of Tenon. It is mainly the conjunctiva which 
defends the globe against infection, and therefore plays a 
most important part in the protection of the cornea. 

This protective effect of the conjunctiva and corneal 
epithelium is clearly shown by the study of the healing of 
corneal wounds. 

In such cases, the healing process cansists of two 
different phases: the first (termed the epide ic phase) takes 
place at once, the second or dermic phas urs a little later, 
For instance, in a case of corneal ueg loss of substance 
is immediately made good by a pre ion of new epithelium 
or more exactly by a mechanical phefiiomenon which is easily 
observed if very small and s {pe 
the cornea of a rabbit by nfeatr$ of a razor. The epithelial 
cells of the edge of the wa@}tl appear to roll into the cavity 
artificially created in OP bag way as marbles contained in 


a bag would escape if bag is opened at any point. This 
is the epidermic of reparation. When this is com- 
pleted, the fixed s of the portion of stroma which cor- 
responds to hey‘wound emit processes which anastomose 
with each, geheF and form a lattice-work which pushes for- 
ward e elium and ultimately replaces it. The tissue 
thus re rated is of a less transparent character than the 
nor ean tissue, and constitutes the scar or relative 
opady which is so often the sequel of corneal ulceration. 

Ni the corneal epithelium only is involved in the wound 
Q car, the process of repair takes place without leaving any 


trace, and the cornea conserves its transparency, but if the 
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stroma (substantia propria) is involved, a scar or nebula will 
be the consequence, the density of the relative opacity being 
in proportion to the amount of stroma which has been 
destroyed. 

The subject of the nutrition of the cornea is of import- 
ance. Though the cornea is not supplied with blood-vessels, 
it is the seat of phenomena of nutrition, some of which are 
purely physical (exosmosis and endosmosis); some others 
are of biological nature, and consist in phenomena of absorp- 
tion and diffusion. The medium of nutrition is the lymph 
characterised by the presence of white blood corpuscles or 
leucocytes which, though not abundant in the normal state, 
serve by their migration to produce the exchanges consti- 
tuting the corneal metabolism. 

In cases of inflammation their number increases consider- 
ably, and they may give rise to infiltration as occurs in the 
interstitial keratitis. 

Beside the leucocytes, we have mentioned the existence 
of fixed cells in the cornea, and these cells (or keratoblasts) 
are, aS we have seen, the main agent of the dermic phase of 
reparation. 

Blood-vessels, completely absent from the normal cornea, 
may show on the surface in cases of pannus òr in the thick- 
ness of the membrane when there is a considerable infiltra- 
tion as is the case in interstitial keratitis. In such cases they 
help the resorption of the leucocytes and stimulateythe pro- 


cess of reparation. A fuller account of the nugi} of the 
cornea will be given at a later stage—togethe th a brief 
description of the clinical examination of t clero-corneal 
coat. 


<== — es sas 


CHAPTER IX: 
THE UVEAL TRACT. THE CHOROID. 
The Uveal Tract Generally. 


HH If we remove carefully the sclerotic and cornea—i.e., the 
iig outside coat—from the eyeball of a mammal, we get a 
i | spherical mass, coloured in dark brown by the pigment it 
contains. On account of the similarity of this dark sphere, 
hanging upon the optic nerve as upon a.stem, to a grape, 
WET, the middle tunic of the eye has been called by ancient 
anatomists the uvea or uveal tract (from uvea, a grape). 
| ane This denomination is not strictly correct since it includes 
in the uveal tract the pigmented layer forming the outer- 
Vat most retinal layer. As we have seen in the chapter devoted 
iM | to the embryological development of the eye, the pigment 
| layer of the retina, though it generally sticks to the choroid 
when an attempt is made to separate the two structures, 
really belongs to the retina and is derived from the proximal 
part of the primary optic vesicle in which the distal part 
| becomes invaginated to form the secondary optic vesicle. 
H We are thus able to understand that in the embryological 
development of the eye, the mesodermic envelope of the 
I| secondary optic vesicle is at first a single one; at a 

later stage of development the layer nea Ñe retina, that 
tl which contains the nutrition blood-vesse N the latter mem- 
| brane, becomes separated, by clea , from the more 
iH | external layer which forms the scl orneal coat. In the 


| anterior portion of the globe, thi avage gives rise to the 
Hh | formation of the anterior charging while in the intermediate 
Mt 1 and posterior portion, it gjvès rise to the suprachoroidal 
|| space, to which we shall in presently. 
a The zone where t rimitive envelope remains un- 
Ii separated from the seen parts serves to the passage of 
| the anterior ciliary w@§sefs and to the attachment of the uveal 
tract. The port} f the tract in front of this zone consti- 
| , tutes the ©) lower vertebrate animals, fishes, for 
he | instance, the réSt of the tract constitutes the choroid. It is 
i || only wit eva) apparition of the accommodative apparatus 
| that th rd or intermediate portion of the uveal tract as 
|| we AN it in man and in the higher mammals becomes 
I diffesMtiated and forms the ciliary body. 
|| In birds, the part of the sclerotic which corresponds to 


| Q ciliary body is the part we have already alluded to under 
ia gO te name of intercalar zone. This zone is very reduced in 
MT 
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size in the human eye, and the ciliary body corresponds to 
the sclero-corneal junction and to the portion of sclerotic 
slightly behind it and included between the sclero-cornea! 
junction and the ora serrata. 

The whole of the internal surface of the uveal tract has 
a double lining. Over the hind part, behind the ora serrata, 
the choroid is lined by the single layer of hexagonal pig- 
mented cells forming the pigment epithelium, and by the 
retina itself. In front of the ora, in the portion correspond- 
ing to the ciliary body, the uvea is lined by the same layer 
of pigment representing the outer lamina of the retinal cup 
or secondary optic vesicle, and by a layer of cells, more or 
less free from pigment, representing the inner wall of the 
cup and called the pars ciliaris retinæ. As the uvea extends 
forwards to form the iris, these two layers continue with it 
and line the back surface of the ocular diaphragm up to the 
pupillary margin, which thus marks the extreme lip of the 
secondary optic vesicle. 

We shall describe separately the three portions of the 
uveal tract, namely, the choroid, the ciliary body and the 
iris, and study the function of each of these parts. 


The Choroid. 


The choroid represents a segment of a hollow sphere 
placed between the sclerotic and the retina. Its thickness is 
generally small and comparable to that of the cerebral pia 
mater or the arachnoid sheath of the optic ner f which 
it is but a prolongation. Even in the ng types of 
animals, the choroidal thickness is little ah&Ve half a milli- 
meter, though it reaches one and even xe nd a half milli- 
metres in the sea lion and the whale. 

The minute structure of the MRi is frequently a 
subject of difficulty to the a ng to the apparently 
different descriptions given in Cy ious text-books; some 
authors describe three layers, g@gme others five or six; these 
differences are merely a mater of classification, as we are 


going to show. NZ 


Microscopic Structure of tise Choroid. 


In man, the Choroid is formed of the following parts, 
from without i rds :— 


(a) T Qprachoroid, separating the choroid from the 
aS rotic; 


b) he choroid proper; 
e lamina vitrea which separates the choroid from 


Ò the retina. 


l 
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THE CHOROID 


If we observe the choroid in situ after the globe has been 
opened and the vitreous and the retina removed, the inner 
surface appears smooth and uniformly brown. Then, if we 
try to peel it off from the sclerotic, we notice that at several 
spots it is more firmly attached than at others; the most 
intimate connection occurs at the margin of the aperture for 
the optic nerve, and also in the places where the vessels and 
nerves enter the choroid from the sclerotic, especially in the 
region of the posterior pole (point of penetration of the 
posterior ciliary arteries) and at the equator (region of exit 
of the venæ vorticosæ). When, after having torn away 
these connections and separated the choroid from the 
sclerotic, we get a view of the outer surface of the former 
membrane, we see it has a shaggy appearance because of 
the shreds of tissue adhering to it. 

Thus, we find that the choroid proper is separated from 
the sclerotic by a loose areolar connective tissue, non-vascular 
but more or less pigmented and made of fibres extending 
from one membrane to the other. On separating the two 
structures, part of this tissue clings to the sclerotic and 
part to the choroid, the latter part giving the membrane the 
shaggy appearance we have just mentioned. Some 
anatomists regard the part of the tissue adherent to the 
sclerotic as constituting the lamina fusca, while they call 
suprachoroidal membrane, the part remaining with the 
choroid. Some go even further and considęq the part of the 
suprachoroid which clings to the larot ing sclerotical 
in nature, the other part being choroidal@jÑis division is not 
justified; an examination of an ox’s N sheep’s eye shows 
clearly that the whole of the supra id is truly a choroidal 


structure. Q 

The choroid proper consif{sp three main parts, namely, 
the layer of large vessels, tl layer of medium-sized vessels, 
and the layer of capillar sels or choriocapillaris. 

The layer of large Peat or Haller’s layer, is made of 
the trunks of the cA arteries, short and long, with the 
branches into whi hey break up on the one hand, and 
on the other LO the ciliary veins gathered up from the 
ciliary body atWiris as well as the choroid itself; the vessels 
BRAS ONO SAL and form a dense network. MHaller’s layer 
is compa ely thick, occupying about three-quarters of the 
entira*e¢kdroidal thickness. The spaces between the vessels 
are N with pigment cells or chromatophores, forming a 

ackground to the vessels which, on a surface view, 


oat 
N@ par as bright lines on this dark ground. It is the pig- 


ment of this layer which constitutes the dark background 
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to the orange-coloured vessels in the ophthalmoscopic 
examination. Numerous elastic elements occur in the layer 
of large vessels. 

The layer of medium-sized vessels is very thin and but 
moderately pigmented; some anatomists do not regard it as 
a different structure from the previous one. 

The layer of capillary vessels, or Ruysch’s layer, con- 
sists almost completely of capillaries of a large bore which 
anastomose freely in all directions and are so closely packed 
that the spaces between them are often smaller than the 
vessels themselves. Pigment cells never appear in the 
choriocapillaris layer in normal conditions. 

The lamina vitrea, or Bruch’s membrane, is a thin, 
highly transparent and structureless membrane covering the 
inner surface of the choroid proper, and on which rests the 
hexagonal pigment epithelium, the outermost retinal layer. 

The hexagonal pigment layer was thought by older 
anatomists to be a part of the choroid, but as we have shown 
in a previous part of this work, it is now known to be formed 
by the outer or distal portion of the primary optic vesicle 
invaginated within the proximal portion; it therefore really 
belongs to the retina though, on attempting to separate this 
membrane from the choroid, the pigment epithelium gener- 
ally remains with the choroid. Pathologically, however, 
the pigment epithelium may well be regarded as forming a 
part of the choroid; thus, what is usually ter detach- 
ment of the retina is really a separation occ © between 
the pigment epithelium which remains appli the choroid 
and the rest of the retinal layers. xO 


The Part Played by the Choroid and the Re the appearance of the 
Ophthalmoscopic Picture of th us 


The colour and brilliancy of ophthalmoscopic picture 
of the fundus is modified by relative amount of pigment 
contained in the retinal ep¢Slium or hexagonal pigment 


epithelium on ‘one han fn the chromatophores or pig- 
ment cells of the chor Sn the other hand. Usually, the 


amount of a, akira C) e epithelial layer of the retina cor- 
responds to that j 


+ 


e choroid, but disproportionate pig- 
o membranes is not uncommon. As a 
of a blonde individual is light in colour, 
that of a te dark, but there are exceptions. The fol- 
lowing ndQwal variations in fundus pigmentation produce 
the jc aes types of eye-ground :— 

OQMEKcessive pigmentation of both choroid and retinal 
Alium, as in negroes, produce a poorly illuminated 


mentation of th 
rule, the fun 
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fundus, slate coloured at the posterior pole, chocolate colour 
at the periphery. 

(b) A moderate amount of pigment in the retinal 
epithelium may be sufficient to hide the choroidal vessels and 
still permit the passage of a brilliant reflex from the choroid ; 
in such cases, the fundus has a uniform, rich red colour. 


(c) If the retinal epithelium is well pigmented and the 


choroid rather poor in pigment, the epithelium becomes 


(E 


visible and the fundus appears stippled or ‘‘ peppered.” 

(d) If the retinal epithelium is poor in pigment, the 
choroid can be seen through it. In such cases, if the pig- 
ment is abundant in the intervascular spaces of the choroid, 
a tesselated or tigered fundus is produced and the choroidal 
vessels appear of a lighter colour than the background. 


(e) If both the epithelium and the choroid are poor in 
pigment, the choroidal vessels are darker than the back- 
ground and the fundus appears reticulated. 

(f) In albinism and in cases of fundus depigmentation 
the choroidal vessels are distinctly seen, sharply defined 
against a yellowish-white sclerotic. 


The Tapetum Lucidum. 


The name of tapetum has been given to a reflecting 
layer interposed between the choriocapillaris and the layer 
of medium-sized vessels in the choroid of meny vertebrates. 
Cartilaginous fishes like the skate, the eon, and the 
shark, and many teleostens or bony fish esent a tapetum. 
This structure is absent from the cho of amphibians and 
of most birds, but exists in a grea y mammals, especially 
cetacea, carnivora, steep mals and most of the 


higher ungulates (horse, elepar}t 

In cetacea (whales) ank Shes, the tapetum covers the 
whole fundus, but in mos er animals it is limited to that 
portion above and outg@e the entrance of the optic nerve 
which seems to b seat of monocular and perhaps 
binocular vision. N en a tapetum exists the retina is 
deprived of piggt on the corresponding area. 

In fishes\the tapetum must not be confused with the 
argentine brane, a special tunic of a brilliant silvery white 
which oc between the suprachoroid and the layer of large 
resset the choroid proper. The suprachoroid, which 

Ni 
m 


ve 
co e outside surface of the argentine tunic or argentine 


aye rane, being poor in pigment in fishes, the latter mem- 
e appears immediately the sclerotic is cut open. The 
Ò argentine tunic contains a considerable number of small 
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crystals of guanine which give it its characteristic appear- 
ance; it is hard and extends forwards up to the pupillary 
border of the iris. Its thickness is even greater in the 
portion corresponding to the iris than in the portion corres- 
ponding to the choroid, and as, in the former portion, it is 
only covered by a small quantity of pigment cells, it gives 
the iris of a fish its peculiar brilliant appearance. It must be 
observed that since the internal surface of the argentine tunic 
is lined by the heavily pigmented layer of large vessels, this 
tunic cannot play the part of a reflector as is the case for a 
true tapetum. 

The tapetum of fishes has a structure resembling that of 
the argentine tunic; its metallic appearance is due to crystals 
of guanine enclosed within the body of large cells disposed 
between the choriocapillaris and the layer of medium-sized 
vessels. In mammals the tapetum does not contain crystals 
of organic substance like that of fishes, and its brilliancy is 
much less marked. It occurs in two distinct varieties differ- 
ing by their anatomical structure. ` 

In carnivorous animals and in the sea lion, the tapetum 
consists of cells smaller than those containing the crystals of 
guanine in fish; these cells assume the form of thin plates 
in which phenomena of interference occur. The cellular 
elements of the tapetum are in immediate contact with the 
choriocapillaris layer; in the cat and dog, there are five or 
six cellular strata and, in places, ten to fifteen, the thickness 


of which varies from 20 to 40 microns. The thi s of the 
cells is very small and their outline is hexago r irregular ; 
the cellular contents are granular and of €X\Yellowish tint 
when examined by transmitted light. O 

The tapetum of carnivorous animal N a metallic reflex, 
yellow or greenish, varying to lig Nue or to steel-blue 
towards the periphery. The mégt Visible portion, clearly 


circumscribed, has the form ofQ*crescent. The tapetum 
begins immediately above or i@jde the papilla or even on it; 


the whole of its surface fort scalene right-angled triangle 
with three processes oN hes, the hypotenuse passing 
thg to its anatomical structure, the 


through the papilla. O 
tapetum of carnivor§ ig termed a cellular tapetum by contra- 
distinction to t rous variety found in almost all 
ruminating ani 


arrangement of the fibrous tapetum is very 


much the as that of the cellular tapetum except that the 


interfere Me cells are replaced by flat bundles of fibrillated 
lameleN hes bundles have an oblique direction with respect 
ane ubjacent choroidal vessels; the fibres are undulated 
iS 


xtremely fine. Fairly thick at the centre, where it 
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presents a green reflex, the layer constituting the tapetum 
becomes progressively thinner towards the periphery and 
assumes a bluish tint. 

Beside the difference in their structure, the cellular and 
the fibrous tapetum differ in another way. If the eye of a 
carnivorous animal is enucleated and opened, the colour of 
the tapetum fades rapidly in daylight, and. if the pigment of 
the retinal epithelium, lying immediately below the lamina 
vitrea, is removed with a camel-hair brush, the colour like- 
wise vanishes, even in the dark, the choroid then resembling 
a piece of dirty wash-leather. In the case of the fibrous 
tapetum, brushing away the retinal pigment has no effect 
on the colour, which remains and keeps its tint in daylight, 
and even in a weak solution of formalin. 

The tapetum may easily be detached from the layer of 
medium-sized choroidal vessels; it is more difficult, but 
possible, to separate it from the choriocapillaris layer. 

In some birds, the ostrich for instance, there is a 
choroidal layer of lamellar structure, reflecting light with 
production of interferential colours, but the phenomenon 
can only be observed after the retinal pigment epithelium, 
the pigmentation of which is very heavy, has been removed; 
strictly speaking, this is not a true tapetum. 

The existence of the tapetum accounts for the variously 
coloured glares shown in the eye of carnivorous or ruminat- 
ing animals when viewed in comparative darkness. The 
phenomenon is, of course, well known, the glare was 
for a long time attributed to a sponta s“ production of 
light in the eye, to a photogenic fu n of the retina, a 
kind of phosphorescence like that Ye glow-worm; it was 
supposed that anger or surexcitapi®grof the animal increased 


the intensity of the glare. O 
\ 


It was Prevost of Geneve4vho, in 1810, proved in an 
irrefutable manner that cng are cannot be seen in an abso- 
lutely dark room, thatgpefther the animal’s will, nor any 
stimulation brought. en on it, could bring about a pro- 
duction of light gft the phenomenon was always due 
to a reflection oiden rays by some part of the fundus 
acting as a meg ? The results of the anatomical researches 
we have resuùfed just now entirely agree with Prevost’s 
views; t ative positions of the observed eye, the source 
of ligl d the observer’s eye for which the glare is of 
erea intensity shows tħat the latter is produced by reflec- 
tionNt the tapetum. The fact that the glare persists for 
ei time after the death of the animal is a further confirma- 


on of Prevost’s theory and shows that the retina has no 
photogenic power. 
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The colouring of the light reflected by the tapetum is 
not one of pigment, but of iridescence, like the colouring of 
Newton’s rings and thin films; it is due to the interference 
of light in the special layer we have described; in herbi- 
vorous animals, interference is brought about by the peculiar 
arrangement of fine bundles of fibrillated connective tissue; 
in carnivorous animals, by the minute crystals contained in 
the cells of the tapetum. 

The purpose of the tapetum is not well elucidated. 
Some physiologists think that rays of light which have 
traversed the retina a first time are reflected back along the 
axes of the rods or cones in an opposite direction, thus allow- 
ing a more perfect utilisation of light and enabling an 
animal with a tapetum to perceive dimly illuminated objects 
better than an animal having no such structure. There is 
very little doubt that the existence of a tapetum is generally 
associated with a higher light-sense—i.e., with perception 
of low degrees of illumination—but the above theory is open 
to objections; there are many nocturnal or rather crepuscular 
animals without a tapetum, for instance, the owl, the mouse, 
and many of the inferior monkeys. 

The existence in the human eye of a formation corres- 
ponding to the tapetum of ruminating or carnivorous 


animals has been the subject of many discussions. . The 
human pupil generally looks black and does not show the 
glare observed in some animals. This ap Mice was 


explained `by Haller, Boerrhave and most @; the physio- 
logists at the end of the 18th and the begi g of the 19th 


centuries, on the assumption that the membranes of 
the eye completely absorbed the ligh ering through the 
pupil; if such were the case, any t to see the fundus 


of a living eye was doomed to faiu. 

It was well known, of cou that the pupils of many 
carnivorous and herbivorougggnimals could, under certain 
circumstances, appear oe but as we have stated 
before, this was expla a spontaneous development of 
light under the a of the nervous system. Yet, as 
far back as the b ng of the 18th century, Mery had 
found that on im ing an animal’s head under water, not 
only could hes ee pupil luminous, but he could even 
distinguish he called the choroidal vessels, in reality 
the retin uc. His experiments were made to support 
the view f Mariotte, who regarded the choroid as the 
immedąte organ of vision; since he could see the interior 
oft e, he had come to the logical conclusion that the 
gd membranes did not absorb the light entering the pupil. 
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Later on, the mathematician de la Hire attributed the 
fact to the change in refraction caused by the immersion 
of the eye, and thus recognised the real -nature of the 
phenomenon; he gave the path of the incident rays and 
that of the rays reflected by the deep membranes of the eye 
in the case of the eye in air and in the case of the immersed 
eye. But such was the authority of Boerrhave and Haller 
that their theory was regarded as one of the dogmas of 
physiologic optics. Even Prevost’s conclusions did not 
receive the attention they deserved, and it was only when 
Helmholtz published his work on the theory of the ophthal- 
moscope (1851) that the doctrine of the absorption of light 
by the deep membranes of the eye was definitely abandoned. 

Sattler has demonstrated the existence, in the human 
eye, of an intervascular layer formed of fine elastic fibres 
arranged in laminæ, somewhat in the same way as those 
constituting the tapetum of herbivorous animals; yet, the 
human eye does not show anything resembling the reflex 
observed in the eye of animals with a tapetum. 


Survey of the Structure of the Choroid. 


To sum up, the choroid in man and in the higher 
vertebrates consists of the three main following parts :— 

(1) An external part, the suprachoroidal membrane 
separating the sclerotic from the choroid proper. Some 
anatomists regard it as made of two separate structures, 
namely, the lamina fusca and the suprachgenal layer. Its 
thickness varies in different individual in different 
species: in man, it is more develope Char eyes than in 
blue eyes. To separate it easily fr he subjacent parts, 
hardening in Miiller’s fluid is the method. The supra- 
choroid is made of superimp amellz, each of which 
is constituted by a Seg ne elastic fibres with pig- 
mented cells. 

(2) A vascular poggion, called the choroid proper, 
made almost entirely o od-vessels with branched pigment 
cells. The choroi r is subdivided into three layers, 
the layer of large els, the layer of medium-sized vessels 
and the layer pillary vessels or choriocapillaris layer. 
Pigment cells àe abundant in the layer of large vessels, 
in moders gN iantity in the layer of medium-sized vessels, 
and ahs rom the choriocapillaris layer. In carnivorous 
and ating animals as well as in many herbivorous ones, 
anc N cartilaginous fishes, a special layer, the tapetum, is 

ted in the layer of medium-sized vessels or between this 


D yet and the choriocapillaris; this special layer is reduced 
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o a vestigial remnant in the human eye. 
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(3) A basal membrane, the lamina vitrea or Bruch’s 
membrane, which separates the choroid from the retina, and 
on which the retinal pigment epithelium rests. 

The choroid of birds, amphibians, and reptiles is built 
very much in the same way. In the class of bony fishes or 
teleostens, the blood-vessels of the choroid form, round the 
point of entrance of the optic nerve, a projecting mass called 
the choroidal gland by ancient anatomists who misin- 
terpreted its nature. It is not a gland at all, although the 
name has remained, but a cluster or a plexus of vessels, 
some arterial, some venous. The choroidal gland is very 
well marked in the eye of the pike, where it appears as a 
thick mass, located in the region of the entrance of the optic 
nerve between the argentine membrane and the vascular 
portion of the choroid; it may be regarded as a local hyper- 
trophy of the vascular part of the choroid. Cuvier thought 
that the choroidal gland was an erectile organ serving to 
displace the plane of the retina, and thus to adapt the eye 
to different distances. We know now that this opinion is 
erroneous, and that the choroidal gland plays no part what- 
ever in accommodation. 


Physiological Functions of the Choroid. 

The choroid is often described as forming the camera 
obscura of the eye, and for a long time, the qpinion of 
Kepler that the choroidal pigment simply ser < he same 
purpose as the black varnish coating the int surface of 
optical instruments was generally adopted physiologists. 
It is known now that the choroid is much a light- 
absorbing membrane as a reflecti X 
examination of the choroid will that the reflecting 
power is greater than the absorbé ower; the latter could 
only have an appreciable value $ the surface were rough, 
but such is not the case; ther oroid is smooth and fairly 
well polished in the PO CED Ones to the retina. 
It is merely in the poxt@p~torresponding to the internal 
surface of the ciliary and iris that the uveal membrane 
presents the roug earance which is required from a 
light-absorbing syrfate; anywhere else, the choroid acts as 
a mirror reflecting rays of light onto the outermost layer of 
the retina, t yer of rods and cones. In inferior animals 
we have AÒ that the retinal rods are oriented towards the 
incident Mit; they receive, therefore, their luminous stimu- 
lation @À the extremity corresponding to that of the sensitive 
ae of the human retina which is immersed in the 
Q 


ent epithelium. 
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The analogy between the eye and Lipmann’s method 
of colour photography is striking; Lipmann obtained nega- 
tives in natural colours by placing a reflecting mirror, made 
of a mercury trough, behind and in direct contact with the 
sensitive film of the plate, thus reflecting the light which 
had passed through the translucent film onto the particles of 
silver haloid, the colour effect being obtained by inter- 
ference. In the eye, light passes through the transparent 
retina which may be compared to the sensitive photo- 
graphic film, and is reflected back by the choroid to the 
ends of the rods and cones which are analogous to the 
particles of silver bromide or chloride of the photographic 
plate. We may well ask ourselves with Dr. Lindsay 
Johnson: ‘‘ Do we not owe our colour sense to interference 
also ?”’ 

We have no positive evidence of any kind in favour of 
this theory, but at the same time, no purely physical theory 
of colour vision has been brought forward which will meet 
all objections. 

The choroid serves other useful purposes. It is well 
known that any nervous apparatus must be maintained at 
a certain degree of temperature in order that it may perform 
its functions. Many facts of observation as well as 
numerous surgical applications show that anesthesia occurs 
as soon as a nervous fibre is sufficiently cooled at some point 
on its path or at its extremity. It follows that a sensitive 
apparatus must be accompanied by some apQeratus supply- 
ing the necessary heat. The retina is nQXgxctption to this 
rule, and its nervous elements could t perform their 
function if the eye were not kept a roper temperature. 
The calorific apparatus of the retais the choroid which 
forms round it a kind of hot c r owing to its abundant 
vascularisation and its rich,cNcalation. 

Finally, the choroid es an important part in the 
nutrition of the retina a maintaining the shape of the 
eyeball. The eye is, dly speaking, a shell filled with 
fluid and semi-flui nts. For the various functions of 
the eye, it is real y that this shell shall be filled to a 
certain Sales ore and not less, and this fulness, this 

intraocular tés#ion ° which corresponds to about 25 mms. 
of mercury, & provided by the lymphatic arrangements of 

the chor ® 
X retina were not adequately supported by the 
vitr® humour, if it could flap about or in any way alter 
Sa the dioptric arrangement of the eye would be 
; if the vitreous body at one time shrank, at another 


Oexpanded, the movements of accommodation could not be 
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carried on; if the aqueous fluid were now abundant, now | 
scanty, the movements of the pupil would become irregular 
and uncertain; and if the whole globe were so flabby as to | 
give way under the pull of each extra-ocular muscle, the 
delicate movements of the eyeball would become impossible. 
It is through the lymphatic vessels and the choroid that the 
eye is kept in the required condition of tension, but this | 
aspect of the subject will be more readily understood when 
/ we study the nutrition of the globe as a whole. Just now | 
we shall merely examine, in a very brief manner, the part i 
played by the choroid in the nutrition of the retina. | 
The retina is, to a certain extent, nourished by the 
plasma of the blood exuding through the thin walls of the 
capillary vessels forming the choriocapillaris layer of the 
choroid. At least, it is so in retinz entirely deprived of | 
blood-vessels, as is the case in the horse, especially if there 4 
are no vessels in the vitreous or no other vascular arrange- 
ment capable of replacing the absent retinal vessels. : : 
In the human retina, however, the innermost layers ‘ 
only are supplied with blood-vessels, as we shall see later 
on, and it is most probable that the rest of the membrane i 
(hexagonal pigment layer, bacillary layer and outer nuclear i 
and outer molecular layers) are nourished by the fluid oozing i 
through the walls of the capillary vessels of the choroid. 
To quote Dr. Lindsay Johnson, all secreting layers and 
glands consist essentially of three parts. First, a network À 
of blood-vessels, usually followed by one of capir) vessels ; | 
secondly, a basement membrane; and final@j“a layer of ! 
secreting cells. In the uvea, we find an œ&Ròðndant supoly 
of blood-vessels arranged in three rows th, commencing | 
from the outside of the choroid are : fafter’s layer, consist- 
ing of large anastomosing vessels ; the) Wer of medium-sized 
vessels intimately connected witk tie tapetum when this | 
structure exists; the Pe anie layer which is in close 
i contact with the outer surfagp,ot the basement membrane 
| or lamina vitrea. Finally Gyn with the inner surface : 
of the latter layer, we Qi layer of densely pigmented 
secreting cells which_cemStitute the hexagonal pigment layer 
| of the retina a the whole extent of the choroid. 
| The choriocapillatis secretes the fluid necessary for sup- } 
| plying the labi Ay of the hexagonal pigment layer, which i 
' latter seems ave a double function, viz., to nourish the 
| external | Ae the retina and also to secrete the visual 
| 
| | 
. | 


purple wNth envelops the free ends of the rods and, 
as wesshall see later on, serves to adapt the eye to low 
degr f illumination. The subject of the nutrition of the 
se is not completely elucidated, however. | 
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Direct experimentation seems to prove the fact stated 
above, namely, that the non-vascular parts of the retina 


‘derive their nourishment from the choriocapillaris. When 


fluorescein is injected into one of the ciliary arteries, the 
characteristic green coloration is soon observed in the outer 
retinal layers, but the flow of the colouring fluid seems to 
experience great difficulty in penetrating the rest of the ner- 
vous membrane. Yet, if the retina is detached from the 
choroid, it conserves, at least for some time, all its vital 
properties, and when reapplied, it may resume its physio- 
logical work, even after a somewhat prolonged period of 
separation. On the other hand, when deprived of its own 
circulation, as in cases of embolism of the central artery, the 
retina loses its sensibility to light. Beside, on the part cor- 
responding to a spot of choroidal atrophy, or above a con- 
genital coloboma of the choroid, the retina may have its full 
sensorial power in spite of the absence in these parts of the 
choriocapillaris layer, no doubt owing to its own blood- 
vessels. We shall revert to the subject when studying the 
nutrition of the eyeball generally. 
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THE UVEAL TRACT—(Continued). THE IRIS AND THE 
CILIARY BODY. 
The Iris. 

The iris forms the anterior segment of the middle or 
vascular coat; it is the contractile and coloured membrane 
which is seen behind the transparent cornea and gives the 
eye its colour. Slightly towards the inner side of the centre 
of the iris is a circular opening termed the pupil. 

At its circumferential border, which is nearly circular, the 
iris is continuous with the choroid or more exactly with the 
ciliary body, and by the pectinate ligament it is united to 
the cornea. The iris does not hang as a flat curtain behind 
the cornea, as its pupillary border rests on the anterior lens 
surface which is convex, while its circumferential attachment 
is slightly farther back than the pole of the lens; it follows 
that, in normal conditions, the iris is slightly bulging 
forwards. By lying in this way upon the lens, the iris 
obtains a firm support. Hence, if the lens is absent or has 
lost contact with the iris, the latter is seen to tremble with 
every movement of the eyeball (tremulousness of the iris 
or iridodonesis.) The iris measures about 11 mm&. across, 
and its thickness, when the pupil has its av size of 
3 to 5 mms., is about 0.5 mms. When the il is widely 
dilated, the thickness of the iris is practic doubled. 


The Microscopic Structure of the Iris. ~ 

The stroma of the iris is chie de of blood-vessels 
running in a radial direction fron the ciliary margin to the 
pupillary margin. These vesseK&Jare supported by a small 
amount of connective tissue@n which are more or less 
numerous pigment cells. pigment contained in them 
is yellow or of lighter o <er shades of brown. The sup- 
porting connective tj N onld chiefly of cells and fibres, 
the latter being arranged in bundles directed for the most 
part radially tawegds the pupil. There are a number of 
communicating terfascicular spaces forming a system of 
lymph space hin the stroma of the iris. 
i terior surface, the stroma is covered by an 


On SS 
and ep ontinuous with the endothelium of the cornea, 


and ting, like the latter, of a single layer of polygonal 
celis. n its posterior surface, the stroma is lined by a 
ated membrane, the posterior limiting membrane of 
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the iris or membrane of Henle. The fibres constituting this 
membrane are directed radially, and are regarded by most 
anatomists as being of muscular nature, i.e., as constituting 
a muscle, the dilator of the pupil, which is supposed to 
act antagonistically to the sphincter of the iris. Physio- 
logically, there is no doubt that the posterior limiting mem- 
brane acts as a dilator of the pupil, but a theory has been 
recently advanced to the effect that the pupillary dilatation 
it produces is the result of elastic and not of muscular 
traction. We shall revert to the subject presently. 

The posterior limiting membrane is in its turn lined 
by the two laminz of the retina representing the two layers 
of the secondary optic vesicle, namely, the pigment 
epithelium layer and the more or less pigmented layer 
formed by the mere framework of the retina since the 
nervous elements of this membrane disappear from the ora 
serrata onwards. Hence, the posterior limiting membrane 
of the iris is covered on its posterior surface by a double 
pigmented layer which represents the continuation of the 
retina up to the pupillary margin. For this reason, this layer 
is often spoken of as the iridic part of the retina (pars iridica 
retinæ) in contradistinction to the other layers of the iris, 
which, taken together, constitute the uveal part of the iris. 

The pigmented layer thus forming the innermost iridic 
layer not only extends to the pupil, as stated just now, but 
it often turns round the pupillary margin and appears on the 
front surface as a small black rim, easily s when the eye 
is viewed from the front. The more conpstéed the pupil is 
the broader this becomes, and when pupil is greatly 
dilated it may entirely disappear ; narrow dark fringe 
stands out with especial prominen% in eyes affected with 
cataract, for it contrasts m Gini with the whitish 
background of the clouded o an with the black pupil 
of the normal he 

The muscular wand >, or unstriped fibres consti- 
tuting the sphincter O iris are disposed circularly and 
concentrically aro ng pupil in the deeper part of the 
stroma. They fo arrow band varying from 0.5 mms. 
to I mm. in wht according to their state of contraction. 
The muscle ee extend quite to the pupillary edge, from 
which its i ¢@ margin is always separated by a small zone 
of the ir O 


NS shall see presently, the nature of the dilating 
appa is of the pupil is still in discussion. Recent 
arches made independently by Grynfelt and Vialleton 
confirmed the existence of a true dilator muscle, and 
_Oproved that this muscle is composed of the radial fibres of 
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the anterior portion of Henle’s membrane which, as stated 
previously, separates the iris stroma from the retinal pigment 
layers. According to these authors, the dilator of the iris 
would be formed by the anterior poles of the cells of the 
pigmented layers differentiated by radial striations. Each of 
the cells in Henle’s membrane would be of muscular nature 
at its anterior pole and pigmented at the posterior pole. 
Such cells would thus belong to the category of the myo- 
epithelial cells similar to those found in the body of the 
fresh water hydra. 

It follows that there is really in the human iris a dilator 
membrane of fibrillar structure instead of an ordinary muscle 
built on the usual plan. Embryological considerations con- 
firm this assumption inasmuch as they show plainly that the 


dilator membrane (or Henle’s membrane) is of ectodermic 


origin, and derives from the external layer of the embryo 
retina, that layer which forms the pigment epithelium and 
also the membrane of Bruch. This view, which was 


‘advanced by Vialleton, has been confirmed by Nusbaum, 


who recognised that not only Henle’s membrane but also 
the sphincter muscle itself are of ectodermic nature, whereas 
most of the other muscles in any part of the body derive 
from the mesoderm. 

The analogy between the two iris muscles, namely, the 
sphincter and the dilator, is therefore absolute, only in the 
sphincter the differentiation is more complete, and is not 
limited to the anterior poles of the cells as is the for the 
dilator. 

It should be clearly understood that power of the 
dilator is very weak indeed, since Oe cle is entirely 
contained in Henle’s membrane, the ness. of which is 
only about two to five microns. pres probable that 
the weak effect of the A the dilator may be 
increased by the regulation of calibre of the arteries 
contained in the iris stroma. øhis regulation, which occurs 
under the influence of the pei nervous system, con- 
sists in relaxation i ction of the thick muscular 
coats of the arteries. , it is a fact of observation that 
the pupillary size om ae for any length of time, but 
constantly oscilla Ss “Within very narrow limits, and it can 
be ascertained these slight rhythmical changes can be 
produced arti lly in a corpse by alternately injecting and 
withdrawigxXWtiid from the arteries. Furthermore, Munch 


is of opim On that the cells of the stroma itself are endowed 
with sade sort of muscular power and thus help in the pro- 
iss pupillary dilatation. He arrived at this conclusion 


b alogy with the nature of the cells of the choroidal 
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stroma. The proofs advanced by Munch in support of his 
opinion in the case of the iris are numerous and varied. A 
particularly interesting one is that based upon the eversion 
of the pupillary margin in a movement of enlargement; the 
phenomenon is easily verified by an examination with the 
binocular loupe or the corneal microscope. Another proof 
is the fact of the rolling up observed when a fragment of the 
iris is cut off in an operation of iridectomy. 

We have said that the anterior surface of the iris is 
covered by a thin epithelial layer which is really the con- 
tinuation of the endothelium of the cornea. Depressions of 
some size, termed crypts or stomata, have been described in 
the anterior surface of the iris. They are really openings 
leading into the lymph spaces of the stroma, which are thus 
in free communication with the anterior chamber. This 
arrangement is favourable to the rapid changes which must 
occur in the volume of the iris when the pupil dilates or 
contracts. 

Beside these crypts, the front surface of the iris shows 
waving lines and more or less intricate markings which 
mainly consist of projecting ridges formed by the blood- 
vessels of the stroma. As a rule, these markings are run- 
ning, like the blood-vessels which cause their production, 
from the circumference of the iris to the pupillary margin. 
Near the latter, however, they interlace with a ring of circular 
ridges (the lesser circle of the iris or circulug minor iridis). 
This circle divides the iris into two zones Xe lying outside 
the circulus minor is termed the pee ne, that lying 
within the circulus minor is much n er and is termed 
the pupillary zone; the latter is orien coloration different 
from that of the ciliary zone. ae normal eye, these 
markings are well defined and but, in an inflamed iris, 
they become effaced and indistwfct owing to the exudation 
of lymph, thus affording ar Japoriant sign of iridic disease. 

During Sa A he pupil is closed by a thin, 
semi-transparent PAS) membrane the vessels of which 
are continued from of the iris and of the capsule of the 
lens (which is al Ne ascular at this stage of development). 
Near the midde $P the pupil the vessels loop round leaving 
the centre free fom vessels. They disappear two or three 
months bef birth, becoming obliterated from the centre 
towards periphery and the membrane itself is gradually 
abso WS in a like manner. As we have pointed out, a few 
shre ay remain at birth and sometimes the whole mem- 


ori persists 
he colour of the iris, which is either light (blue or 
Shes or dark (brown) is caused by the iridic pigment. There 
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are two kinds of pigment in the iris, namely, that which 
lies in the branched pigment cells of the stroma and is there- 
fore called the stroma pigment, and that which is contained 
in the iridic part of the retina (retinal pigment). Upon the 
proportion between the amount of pigment in the stroma 
and in the pars iridica retinæ, the coloration of the iris 
depends. 

The retinal pigment is generally very abundant, whereas 
the amount of stroma pigment varies in individuals and at 
different periods of life. At birth the retinal pigment is 
fully developed whilst the stroma pigment is almost entirely 
absent, the stroma itself being thin and fairly translucent; 
hence the deep blue colour of the eye of a new-born child. 
This coloration is an effect of interference. Any black back- 
ground viewed through a translucent medium appears blue. 
This is the explanation of the bluish tint of the superficial 
veins of the body; these vessels, filled with dark venous 
blood, are really almost black, yet they appear blue when 
seen through a moderate thickness of translucent skin. 

If the stroma, though deficient in pigment, is fairly 
thick and compact, the iris appears grey and the greater 
the amount of brown stroma pigment, the more this pig- 
ment becomes visible and makes the eye appear brown, 
while the retinal pigment, which lies behind, is more and 
more concealed and withdrawn from view. 

Not infrequently, in an iris that is lightly pigmented as 
a whole, one or two isolated accumulations of Neni are 
found in the stroma which stand out as dark ae -coloured 
or brown spots in an iris otherwise grey luemme he 
presence of a pretty large number of tl ives the iris a 
mottled appearance. The pigmented referred to just 
now may resemble foreign bodies w after having pene- 
trated within the eye by a corneal qotfhd, have become fixed 
upon the iris surface. By a curi play of nature the pig- 
mented spots and the markiags on the iris may arrange 
themselves in such a way Oe they constitute letters or 
numerals. Such an o Wj e is rare, but there are on 
record a few well suis icated cases. The most extra- 
ordinary one is oe woman on whose irides the number 
45 in the right ke the number Io in the left were clearly 


marked. A ren able case of the same kind can be seen 
in the Dupe Museum of the School of Medicine in 
Paris!) “IRS without saying that such freaks of nature 
have no NN ignificanice. Exceptional cases occur in which 
the iri s no pigment in the stroma though there is always 


some he retinal epithelium; such eyes are said to be 
affẹðed with albinism. 
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The Size of the Pupil. Pupillary Reactions. 


It should be clearly understood that there is no such 
thing as a normal size of the pupil. In healthy individuals 
the pupillary size may range from I or 2 to 6 or 7 mms. and, 
except in extreme cases, it is impossible to be certain that 
the size of the pupil is abnormal unless we know the average 
size of that particular person’s pupil. In some cases it 
is difficult to get the pupil to. contract below 3 mms., and 
in others this is the extreme limit of dilation. These differ- 
ences in sizes depend on differences in the structure of the 
iris. Asarule, the pupil is large in children and in myopes, 
and small in elderly people and in hyperopes. In fact, it 
is noteworthy that a small pupil is met with at the extremes 
of life, i.e., in very early infancy and in advanced age. 

We shall examine later on the mechanism of pupillary 
reactions. For the present it is sufficient to say that the 
iris performs two main functions; firstly, it controls the 
amount of light entering the eye (the less the illumination 
the larger the pupil, and conversely) thus preventing’ an 
intense light from injuring the retina. Secondly, it cuts off 
the marginal rays which would, unless arrested, diminish 
the sharpness of the retinal images owing to the spherical 
aberration of the optic system of the eye, i.e., to the differ- 
ence in refracting power of the periphery of the cornea and 
lens from that of the centre. 

Normally both pupils are of equal siz Ard any differ- 
ence, unless present from birth, is due t aoe pathological 
condition. 

The reaction of the pupil takes e Osea es and 
unconsciously; it is either a reflexxgetion in which case the 
stimulus is transmitted from t in to the nerves supply- 
ing the sphincter or the dilat f the iris, as occurs in an 
increase of illumination, o i associated with some other 
movement of the eye as, AORTA in tħe act of accommo- 
dation, when the pup , fibres of the 3rd nerve are set 
into action simultane y with those supplying the ciliary 


muscle. 

The pupitganp reflexes are three in number, namely, the 
light reflex, thesreflex to associated movements. (accommoda- 
tion and c rgence), and the reflex to sensory stimuli. 

Th it reflex is sub-divided into the direct and the 
indi ROS consensual reflex. The former consists in the 
alten which takes place in the size of the pupil when, 
gad eve being occluded, the other is exposed to varying 

ees of illumination. The direct light reflex is easily 


Oobserved. The subject under examination is directed to cover 
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| one eye not merely with his hand, but by means of a hand- 
| kerchief rolled into a ball so as to exclude all outside light. 
Light is then shaded from the eye under investigation by 
means of the hand or of a cardboard sereen; when this is 
withdrawn, the sharp contraction of the pupil due to | 
luminous stimulation is observed; on replacing the hand or i 
the screen in front of the eye, i.e., on sheltering that eye | 
from light, the pupil is seen to dilate. The same manœuvre | 
is effected in regard to the other eye. Should the contrac- | 
tion of one pupil be more sluggish than that of the other | 
we can infer that the light conducting power of that eye is | 
lessened. We shall refer to this important point later on. f 
The indirect or consensual reflex of the pupil is the | 
alteration that takes place in the pupil of the covered eye | 
when the other eye is being tested for its response to direct ! 
light stimulation. In a state of health, the consensual reflex 
is equal to and synchronous with the direct reflex. A 
The pupillary reflex in associated movements always : 
takes the form of a contraction of the pupil, and occurs (a) in i 
convergence, when the sphincter of the iris acts in conjunc- 
tion with the internal recti muscles; (b) in accommodation, 
when the sphincter acts in conjunction with the ciliary i 
muscle. 
The convergence reflex is best observed by directing the t 
patient to look first into the distance and then at ‘ object 


(a finger or a pencil) held within a few inches e eyes. | 
The contraction of the two pupils should al and | 
synchronous, though not so well marked as contraction | 


separately, and in the same way a onvergence reflex, 
or again it.may be observed in g © eyes at the same 
time. It has been argued that jaNhe latter case the reflex 
(or pupillary contraction) depe ore on convergence than 
on accommodation, but this ion is negatived by the fact 
that the pupillary contragġðrD still occurs when one eye is 
occluded. On the otha and, and when both eyes are i 
open, the contracti urs even in fairly highly myopic i 
subjects who must CR to see the near object viewed, | 
but do not requj€ any accommodation; this would prove | 
that the reflex @)*associated movements is dependent more 

on conver than on accommodation. 
In a Nse of the spine termed locomotor ataxia, the 
pupils qot react to light, but do so to accommodation and 
Duy ce. This condition is called Argyll Robertson’s 


due to light. 
The reflex to accommodation is rue in each eye 


d 
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The reflex to sensory stimuli is observed in special 
circumstances. Tickling of the skin in various parts of the 
body and strong psychic emotions, such as fright, produce 
a dilatation of the pupil. 


Hippus. 


A condition of the pupil which is worth notice is that 
termed hippus. This is an exaggeration of the normal 
changes in the pupillary size which constantly occur in the 
healthy subject from every change in illumination, or in 
accommodation or in convergence. These changes are very 
slight in normal conditions, but it may happen that in a 
group of diseases which are a frequent stumbling block to 
the optician (namely, the toxic diseases of the retina and 
optic nerve, and especially retro-bulbar neuritis) the normal 
and very slight oscillations of the pupillary size are 
exaggerated, and this constitutes the condition called hippus. 
In this condition, one finds that the pupil reacts to light 
and to associated movements like a normal pupil though 
the contraction may be relatively slow; instead, however, 
of remaining contracted as a healthy pupil does, it oscillates 
and slowly expands again. 

The nervous mechanism of the pupillary reactions and 
the application of these reactions to the localisation of inter- 
ruptions on the path of visual impulses will be investigated 
in the part of this work devoted to the nervous apparatus 


of the eye. 
Q 
Oy 


The Ciliary Body. 

Immediately continuing the Coe! we find the 
ciliary body, which can be expose view by bisecting the 
eyeball and removing the le Ss the vitreous, as is 
explained more fully in the haber r on Dissection. We 
know that the retina, the pernos: coat of the eye, ends 
anteriorly in a jagged line med the ora serrata, or, to be 
quite accurate, the reti tases to contain nervous elements 
at the ora serrata aps continuation forwards consists 
merely of the pig epithelium layer and another layer, 
more or less pi ted, which represents the inner lamina 
of the es ene vesicle, i.e., the retina proper deprived 
of nervous Kiens, and reduced, therefore, to the connec- 


tive tissu nstituting the supporting framework of the 
nervo t of the sensitive membrane of the eye. Corres-. 
pond to the ora serrata, there is a change in the colour 


and\appearance of the inner surface of the uvea, which is 
and smooth behind this Jine, black and rough in 
ont of it. 
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Ciliary Muscle. 

At the level of the ora serrata (see fig. 21) the choroid 
becomes considerably thickened owing to the existence of 
the ciliary muscle. The main part of the muscle arises by 
a thin, flat expansion from the sclero-corneal margin, its 
fibres being attached to the bundles of the pectinate liga- 
ment. The fibres forming the outermost portion of the 
muscle, that is, the portion nearer to the sclerotic, are 
directed meridionally backwards and inserted into the choroid 
about midway between the equator of the globe and the level 
of the ora serrata. This portion of the ciliary muscle is 
termed the tensor of the choroid or muscle of Brucke. 

The inner portion of the ciliary muscle consists of 
circularly arranged fibres, appearing in cross section when 
the eye is cut longitudinally. It is generally called Miiller’s 
muscle, from the name of the anatomist who discovered it. 
The two portions of the ciliary muscle are not generally 
sharply defined and, in most eyes, there are intermediate or 
transitional fibres, the path of which passes gradually from 
the radial direction observed in Brucke’s muscle to the 
circular or annular form, as is seen in Miiller’s muscle. 

Miiller’s muscle thus forms a sphincter ring round the 
external margin or circumference of the lens; it is often 
called the circular ciliary muscle, and plays an important 
part in the act of accommodation. It is extremely 
developed in hyperopic eyes, is much less developed in 
emmetropia and low or moderate myopia; it ven be 
entirely atrophied in eyes affected with high @y5pia. 

In the human eye, the fibres of the cilf muscle are 
of the unstriped variety and, therefore, uscle is com- 
paratively slow to respond to nervous W) ulses. In birds, 
especially those flying at great speed iliary muscle is of 
the striped variety and is quick $ectfhg, a character well 
adapted to the conditions of life @)those animals. 

The ciliary,body is, as w@þave stated above, the con- 
tinuation forward of the cha. it is the portion of the 
uveal tract intermediate the choroid and the iris. 

On the whole of t Noo hemisphere of the globe 
and even on the mrg posterior portion of the anterior 
hemisphere, the çheroid is directly applied on the sclerotic. 
es a position about midway between the 
obe and the sclero-corneal junction, it 
way from the sclerotic, leaving between this 
a space, triangular in section, which is occu- 
pied e ciliary muscle. From the point where the 
as éparates from the sclerotic, the former structure 


be s thicker and its innermost, deeply pigmented portion 
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is thrown into a series of radiating folds, the ciliary pro- 
cesses, about 70 in number, which proceed towards the 
circumference of the lens and form round the periphery of 
its back surface a sort of indented collar. (See fig. 21 and 
stereograms V., VI. and XIII.) 


Fic. 21. DIAGRAMMATIC MERIDIONAL SECTION THROUGH THE ANTERIOR 
PoRTION OF THE EYE MAGNIFIED ABOUT I2 TIMES, SHOWING THE SCLERO- 
CORNEAL JUNCTION AND THE FILTRATION ANGLE. (Fuchs). 


S is the sclerotic 
and C the cornea, 
the boundary be- 
tween which shows 
a cross section of 
Schlemm’s canal s. 
Anteriorly,theouter 
or sclero - corneal 
coat is covered by 
the limbus of the 
conjunctiva D. 
Farther back, a 
cross section of an 
anterior ciliary vein 
is seen in the sclero- 
tic at cz. The root 
of theirisis attached 
to the sclero-corneal 
coat by the pectin- 
ate ligament 7. As 
the pupil is some- 
what contracted, 
the iris is long and 


W y AN 
DSO 


thin and its pupil- CLANN \ \ \ 
lary border is drawn r WN \ 
out into a thin edge. Ñ \\ 

On the anterior sure M \ 


face of the iris some 

of the orifices of 

the crypts appear 

at cr, together with 

the contraction fur- 

tows f f. The pos- 

terior surface of the 

iris is lined with a 

double sheet of pig- 

ment (the iridic part 

of the retina) which Q 
turns sharply like a 

spur at the pupil- O 
lary edgep. Atone W 


spot a portion of 
the posterior laye: ®) 


of this double pi 
mented lining gis 
separated froin more anterior layer; this is due to an accident in the 
process of peppration, but this detail is useful to show that the iridic part 
of the ret made of two separate layers, namely the anterior one which 
to the retina proper, deprived of its nervous elements and 
om the ora serrata onwards, to a slightly pigmented layer, and the 
posterior one, consisting of the pigment epithelium layer. 
Yio to the pupillary margin, the fibres sp of the sphincter of the iris 
en in cross section. From the sclero-corneal junction, close to the 
Oeanal of Schlemm, the ciliary muscle arises, consisting of longitudinal; or 


FIG. 21. 
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meridional fibres M and of circular fibres Mu; the former, which are inserted 
in the choroid, constituting the tensor of the choroid, the latter, the muscle 
of Müller. The transition from the longitudinal to the circular fibres of 
the ciliary muscle is effected by the radial fibres v. 

At the anterior margin of the circular portion of the ciliary muscle, the 
cross section of the major arterial circle of the iris is seen at a. 

Upon the ciliary muscle the ciliary processes P are situated; these 
are lined by the two layers of the ciliary part of the retina, namely the 
pigmented layer pe which is the continuation of the pigment epithelium 
of the retina and a less pigmented layer pc which is the continuation of the 
retina proper R, reduced from the ora serrata to a framework free from 
nervous elements. The flat part of the ciliary body, the orbiculus ciliaris O 
extends to the ora serrata, where the retina proper R and the choroid Ch 
begin. Upon the orbiculus lie the fibres of the zonule of Zinn z, which 
farther forward pass into the free portion z! of the zonule and enclose the 
canal of Petit 7. The lens L shows at its equator, besides the attachment 
of the zonular fibres, the cross section k of the ring of nuclei of the cells 
forming the inner epithelium of the anterior lens capsule. 


The Ciliary Processes. 


The arrangement of the ciliary body is best studied in 
meridional sections; in such sections it appears triangular 
in shape with the base, or short side, looking forwards and 
giving rise, from about its middle point, to the iris. The 
inner side bears the ciliary processes, and the outer side 
corresponds to the ciliary muscle. 

Thus we can regard the ciliary processes, i.e., the folded 
portion of the ciliary body, as being the direct continuation 
of the choroid, the portion of the uveal tract intermediate 
between the choroid and the iris; the muscular portion of 
the ciliary body (or ciliary muscle) is interposed i 
left between the sclerotic and the anterior t) of the 
choroid. The structure of the ciliary proc is similar 
to that of the rest of the choroid except tha stroma, i.é., 
the portion corresponding to the chorog4 proper, does not 
contain any pigment towards the e O ities of the folds. 


Exactly as in the case of the Gri}the ciliary body is 
lined on its inner surface by the yo layers representing the 
two laminz of the secondary opN@ vesicle, namely, the pig- 
ment epithelium layer of thd@yetina and the more or less 
pigmented layer consisti the retina proper deprived 
of its nervous elements} ch disappear at the level of the 
ora.serrata. These even form the ciliary part of the 
retina and are cont d at the posterior surface of the iris 
up to the pupillagy margin under the name of iridic part 
of the retina. es 
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CHAPTER XI, 
THE REFRACTING MEDIA OF THE EYE. 


The Anterior Chamber and the Aqueous Fluid. 

Our investigations of the anatomical structure of the 
eye and of the life of the visual organ will be somewhat 
simplified if, instead of proceeding at once to the study of 
the inner or nervous ocular coat, we proceed with the study 
of the refracting media, which, as we have already pointed 
out, are three in number, namely, the aqueous fluid, the 
crystalline lens and the vitreous body. 

Owing to their similarity of origin, we will deal first 
with the aqueous humour and the vitreous body. 

Between the iris, which is the extreme anterior part of 


the uveal tract, and the cornea, which forms the front part 
of the sclero-corneal coat, the very narrow lymphatic space 


we have described as existing between the sclerotic and the 
choroid becomes more conspicuous and forms a wide 
chamber termed the anterior chamber. This chamber, upon 
the establishment of the pupil by absorption of the embryo- 
logical formation termed the pupillary membrane (see page 
146), becomes continuous with the smaller posterior chamber, 
i.e. the almost virtual space between the back of the iris 
and the ciliary processes on the anterior side and the sus- 
pensory ligament and the front surface ithe lens on the 
posterior side. (Fig. 21 and stereogigh II. show the 


posterior chamber.) 

The cavity of the conjoint fior and posterior 
chambers constituting together t queous fluid- chamber 
is really a continuation and largement of the flatter 
and much smaller space betye®#’the sclerotic (which, as we 
shall see more fully presengy may be regarded as the con- 
tinuation of the dural ath of the optic nerve) and the 
choroid, which ay but ee omission of the middle sheath 
of the nerve. us chamber may thus be likened 


to the spaces reek the sheaths of the optic nerve which 
are themselve ontinuation of the spaces between the 


sheaths of t 

The a sere and posterior chambers, like the lymphatic 
spaces Q Och they are but an extension, contain a peculiar 
REN aqueous fluid or aqueous humour; this is a clear, 


out 1.005, and is chiefly made of water with but 0.86 per 
of solid matter, mostly mineral salts, and 0.05 per cent. 
Sof proteid or albumin together with 0.05 per cent. of sugar. 


oe: ss liquid, alkaline in reaction, of a specific gravity 
Oa 
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The refractive index of the aqueous fluid is generally given 
as being the same as that of pure water, namely, 1.333 or 
4/3 and regarded as equal to that of the corneal substance, 
though the index of the latter is slightly higher and averages 
1:376. 

If the anterior chamber is artificially emptied, it fills up 
rapidly with fresh fluid which is not, however, quite the 
same as the normal one, inasmuch as it contains a greater 
amount of proteid matter. But about six hours after evacua- 
tion the content of the chamber has all the properties of 
normal aqueous fluid. The origin of the aqueous humour 
has been, and is still much discussed. According to most 
authorities, the ciliary processes are the anatomical structures 
which secrete it. 

In the body generally, the lymph occupying lymphatic 
spaces may be regarded as playing to a certain extent a 
mechanical part, inasmuch as it facilitates the movements 
of various organs, yet the function of the lymph is pre- 
eminently a nutritive one, its mechanical duties being 
comparatively insignificant. As regards the eye, the case 
is different, the lymph circulating in the lymphatic spaces 
of the eye having a double importance inasmuch as it does 
not only, as elsewhere, assist in maintaining the nutrition 
of the various tissues, especially those deprived of blood- 
vessels, but it also helps in a mechanical way to make the 
eye an adequate dioptric instrument by keeping {he intra- 
ocular tension up to the proper level in order born the 
refracting surfaces and the retina may retajęjKeir relative 
positions, that the movements of the pat may not be 
irregular and uncertain, and that Le ate rotations of 
the eye under the action of the extry muscles may be 
nicely regulated. 


The Filtration Angle or Iridic Angle. x 


As already stated, the a us chamber may be regarded 
as a large lymph space, on pr exactly a lymphatic cavity, 
though the aqueous flu rs from ordinary lymph, inas- 
much as it contains more water and less proteid or 
albuminous matter e the serous fluid or lymph con- 
tained in the ly spaces of the body generally, the 
aqueous fluid ggysés and goes; the particular fluid which at 
a given mọ is present in the eye, has not always been 
there, so f the fluid passing away and fresh fluid con- 
tinually N iving. As already stated, if the fluid is with- 
drawnsttom the anterior chamber by puncture of the cornea, 
th ber is soon refilled. Indeed, under certain circum- 
ay a considerable quantity of fluid may be drained 


LS 
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away from the chamber, fresh fluid taking the place of that 
which escapes. Though, under normal conditions, the 
quantity of aqueous humour is fairly constant, the fluid may 
be in excess or may be deficient, and the one phase may 
pass into the other. The question therefore arises: Whence 
comes the fluid and whither does it go? 

The aqueous fluid is secreted by the ciliary processes, 
and perhaps by the posterior surface of the iris. This is 
shown by the fact that if a solution of fluorescein (which 
can be detected by the greenish tint it gives to the tissues 
it permeates) is injected into the subcutaneous tissue, not 
only does it speedily appear in the aqueous humour, but the 
ciliary processes and the peripheral parts of the inside sur- 
face of the iris are the parts of the eye in which its presence 
may be first detected. 

The fluid thus furnished by the ciliary processes makes 
its way in the first place into the posterior chamber, but, 
though the iris lies close on the lens, there is undoubtedly 
a communication between the two chambers sufficiently free 
to allow the fluid to pass readily from one to the other, and 
so to fill the anterior chamber from the posterior. 

There is no doubt that some of the lymph with which 
the sponge-like stroma of the iris is laden does find its way 
directly through the anterior surface of the iris into the 
anterior chamber, and such a transit is no doubt facilitated 
by the continual changes in the size of the il. As, how- 
ever, the area of the ciliary processes is arge as com- 
pared to that of the iris, we may con that the greater 
part of the aqueous fluid is secreted e ciliary processes, 
the iris contributing to a small e ` 

The answer to the questi How does the aqueous 
humour leave the anterior c ese does not present any 
difficulty, if the anatomy the filtration angle or iridic 
angle is clearly unders 7 Near its circumference, the 
elastic lamina of the c or Descemet’s membrane breaks 
up into bundles of which give attachment to the iris 
around the “awe the anterior chamber. To these 


radiating and omosing bundles of elastic fibres, the 
name of ligamentum pectinatum has been given by Hueck, 
although S anatomists call them the pillars of the iris. 
(See fig and stereogram XI.) The bundles of the 
liga £0 pectinatum are covered with endothelial cells 


mins from the endothelium of the anterior chamber, 


Salen covering does not stretch across the intervals 
en the bundles, so that the cavity of the aqueous 


> is prolonged into and freely communicates with 


ow 
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spaces between the bundles of the pectinate ligament. These 
Spaces are much larger and more distinct in some animals 
than in man; they have received the name of the spaces of 
Fontana. A similar but rather larger space is found imme- 
diately in front of the pectinate ligament in the substance 
of the sclerotic, close to its junction with the cornea. This 
circular space, elliptical in section, is termed the canal of 
Schlemm or sinus circularis iridis. 

The spaces of Fontana and the canal of Schlemm are 
really lymphatic spaces, and it follows from the above 
description that the anterior chamber, at the iridic angle, 
communicates with these spaces which, in their turn, ate in 
direct communication with the radicles or fine branches of 
the anterior ciliary veins. Since the ciliary muscle pulls 
on the tissue surrounding the canal of Schlemm it is possible 
and even probable that the movements of accommodation 
help alternately to close and open the canal and thus to 
pump its contents into the veins. By this means, the exit 
of fluid from the anterior chamber is rendered less dependent 
on the relative pressures of the blood in the veins and of the 
fluid in the anterior chamber. By this channel the aqueous 
fluid gains a ready, relatively direct and short access to the | 
blood stream, and clinical experience shows that if this | 
way is blocked (as happens when the filtration angle is more 
or less closed either by the iris being pushed forwards or 
by the pupil being dilated) an accumulation aqueous 
fluid results which increases the intraocular spon; this 
may give fise to the condition termed gla Gna. 

To resume, the aqueous chamber is eservoir inter- 

calated in a stream of fluid which is pa from the ciliary 
i processes through the small posterio Ge larger anterior 
| chamber, the spaces of Fontana a he canal of Schlemm 
into the venous system. This ¥eservoir on the one hand 

Serves a mechanical purpose in @eserving the shape of the | 

eyeball and in affording an a@@quate fluid bed for the move- 

ments of the iris and on ther hand, by bringing new 

food materials and ca away waste products, enables 

the lens and the eh to carry out the slow and scanty | 


metabolism necessa or the life of these structures. 


The Vitreous Bo > 


We ha een in the paragraphs devoted to the 
Embryol f the Eye that in the early stages of develop- 
ment of th’ globe the mesoderm which passes into the cup- 
like ggir formed by the secondary optic vesicle 
ulti ly becomes a jelly-like material known as the vitreous 

ig@ur or vitreous body. In the adult state, this consists 


202 THE VITREOUS BODY 


of a skeleton of transparent collagenous fibres arranged in 
irregular bundles and lamelle, the meshes of which are 
occupied by a fluid very similar to the aqueous fluid, i.e., 
made chiefly of water with a minute proportion of organic 
and inorganic solid matter in solution. A few branching 
cells as well as wandering leucocytes (white blood corpuscles) 
are found in the vitreous. Where it is in contact with the 
retina, the vitreous body is defined by a structureless mem- 
brane, the hyaloid membrane (see stereogram VIII.) which 
is adherent normally to the overlying retina. At the ora 
serrata, this hyaloid splits into two layers, one of which is 
continued forward as an anterior covering for the vitreous 
while the other forms an independent faintly fibrillated, 
inelastic membrane, the suspensory ligament which is 
attached to, and becomes fused with, the capsule of the lens. 
This membrane adheres closely to the ciliary part of the 
retina for some distance, and some anatomists regard it as 
really arising from the cells of this region and not as a 
continuation of the hyaloid membrane. 

During life the vitreous is in contact, not only with 
the posterior surface of the lens, but also with the back 
surface of the suspensory ligament. After death, however, 
through changes in the vitreous, a space is developed, 
triangular in section, between the suspensory ligament, the 
vitreous and the edge of the lens; this is often spoken of 
as the canal of Petit. According to some aytkors (and this 
opinion seems to be generally adopted no s) the canal 
of Petit exists during life, and posse @)a kind of wall 
which is formed by the anterior conti on of the hyaloid 
membrane defining the front of thm Dtreous, As we shall 
see presently, it has been asse at the capsule of the 
lens is imperfect behind, and i here must be something 
in the nature of a membraran front of the vitreous since, 
when the lens is removed fréa@ its capsule, there is no escape 
of vitreous into the v t cavity. Since the suspensory 
ligament is attached 9 outside alternately to a projecting 
-ciliary process an e depression between this process 
and the next o On canal of Petit, when distended with 
air by blowing\igto it, has a beaded or sacculated appear- 
ance. Wherthe canal is thus blown out, the suspensory 
ligament its attachment are rendered very obvious; the 
ring th Ormed by the suspensory ligament around the 
lens N® metimes called the zonule of Zinn. 

t mechanical purposes the due condition of the 
eyes body is perhaps more important than that of the 
of eous. We have already stated that the vitreous is a 
Q tructure of mesodermic origin which, in the adult, consists 
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of a trabecular skeleton of collagenous or connective sub- 
stance (i.e., of a substance which yields gelatine by boiling) 
in the meshes of which is a fluid having approximately the 
same physical and chemical properties as the aqueous fluid. 
It is generally held that the vitreous humour is also a secre- 
tion from the ciliary processes, though nothing definite is 
known as to the circulation and absorption of this fluid. It 
| is assumed that it circulates and is renewed exceedingly 
slowly, and there is experimental evidence that the vitreous, 
or more exactly the trabecular portion of the vitreous, forms 
a sort of mesodermic sponge through which is continually 
streaming, though at a slow rate, a fluid identical or nearly 
so, to the aqueous fluid. Through the optic disc, the fluid 
5 of the vitreous has access into the lymph spaces of the optic 
nerve; this is shown by the fact that coloured material 
injected in the sheath of the optic nerve finds its way through 
the optic disc into the vitreous humour and passes along the 
central or hyaloid canal which remains in the adult after 
the disappearance of the central artery of the vitreous. 

| The greater part of the fluid of the vitreous seems, how- 
ever, to follow the same path as the aqueous fluid. Fluids 
| pass readily through the suspensory ligament, as is shown 
| by the fact that a coloured liquid injected into the vitreous 
| appears very soon in the anterior chamber. Moreover, a 
| blocking of the iridic angle leads to undue distention not 
| only of the anterior and posterior chambers but e whole 
globe of the eye if such a blocking occurs at y period 
of life, when the sclero-corneal coat sag et acquired 
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the rigidity it possesses at the adult stag@N° Finally, the 
pressures in the aqueous and vitreous xc s are always the 
same, and vary similarly and conc tly. 

We have no evidence that aN atge amount of fluid 


= SS 


passes directly from the choroig\through the retina, past 
the internal limiting membrane\ahd the hyaloid membrane 


into the vitreous. As far si know, the whole of the 


ee 


lymph in the retina is d away through the lymph 

spaces of the optic ne nd we must therefore conclude 

that the region of onule of Zinn serves as the door 

both for the entran nd the exit of the fluid, its circulation 

through the vitrepuis between the fibres and laminz of the 
oy 


trabecular ske being secured by diffusion assisted by 


the EN the eyeball. 


The RAEAN Pressure. 


pressure in the eyeball is, as will be readily under- 
stogdone of the most important factors in the proper work- 
pei the dioptric system of the eye. ‘The tension of the 
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globe depends: (a) on the pressure of the contents; (b) on 
the resistance opposed by the more or less elastic tunics. 
As the latter is constant, or at any rate varies but little 
within physiological limits, we must, in order to understand 
the oscillations of intraocular pressure, consider the factors 
which determine the amount of fluid contained in the eye 
and the pressure existing in the intraocular blood-vessels. 
Normally, the height of intraocular pressure varies, in man 
and in the higher animals, between 20 and 30 mms, of 
mercury. The methods used for the measurement of the 
intraocular pressure are of two kinds. Manometers (for 
experimental work in the laboratory) and tonometers, for 
clinical purposes. The former are brought into communi- 
cation with the interior of the eye by means of special 
cannulze and the pressure is read on the manometer tube. A 
tonometer is an instrument by which a small plate exerts 
a pressure on the outer wall of the eyeball so as to flatten 
it. By measuring the force necessary to obtain a certain 
degree of flattening, it is easy to calculate the pressure 
within the eye. Broadly speaking, the intraocular pressure 
rises and falls with the general blood pressure; the dim 
cornea and sunken eye that betoken approaching death are 
due to the fall of blood pressure which occurs towards the 
end of life. The fact that oscillations of intraocular pressure 
correspond to those of the blood pressure is, evidenced by 
the pulsation of the retinal vessels FARA e intraocular 
pressure is high as is the case in glaucoppe 


The Crystalline Lens. 


The crystalline lens, gether th its suspensory liga- 
ment, lies between the iris he vitreous body. It 
assumes the form of a bicon&ex;transparent lens which lies 
within the circle formed by @è ciliary processes, but in such 
a way that its equatorig®, margin is distant about half a 
millimetre from the es of the processes. The inter- 
space between BASS rý body and the equator of the lens 
is termed the c Q AS itd space. The posterior lens surface 
is fitted into GS ow depression of the vitreous body (or 
fossa patella As the vitreous body is practically incom- 
pressible, curvature of the posterior lens surface can 
hardly, , and its radius of curvature in the average 
huma ult eye is about 6 mms. The anterior surface, on 
the,oNřer hand, is immersed in the aqueous fluid and can 
S its curvature under the effect of the ciliary muscle. 
Ss e radius of curvature of this surface averages 10 mms. 

hen the ciliary muscle is in a state of physiologic rest, but 
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can reach a value of 6 mms. when the ciliary muscle is fully 
contracted in the case of a young subject, e.g., a child of 10 
years of age. 

The lens, as a whole, is kept in its position by the sus- 
pensory ligament or zonule of Zinn, the arrangement of 
which is shown in fig. 21 and in stereogram VII. The 
sagittal diameter (or thickness) of the lens is about 4 mms. 
in the adult and the equatorial diameter averages 9 mms. 

The body of the lens is enclosed in a transparent sac 
called the capsule, and the lens substance itself is made of a 
central core or nucleus surrounded by a softer and more 
elastic portion called the cortical part or the cortex. In a 
normal eye, the cortex is colourless, while the nucleus has a 
slight yellowish hue. The nuclear part of the lens owes its 
greater consistency and also its coloration to a process 
known as sclerosis (or hardening) which mainly consists in 
a gradual loss of water. The sclerosis begins even in child- 
hood, but advances so slowly that it is not till the age of 
twenty-five that a distinct though still small nucleus is 
present. Since sclerosis of the lens fibres is a change due to 
advancing age, it affects first the oldest fibres, i.e., those 
which lie in the centre, and as the process advances, the 
nucleus steadily increases in size at the expense of the cortex, 
which diminishes correspondingly, so that, at an advanced 
age, almost the entire lens is converted into nucleus, i.e., is 
entirely sclerosed. There are many individual differences in 
this regard, so that persons of the same age bake nticular 
nuclei of different sizes. The size of the nuc is of prac- 


tical importance in the operation for nt 
The sclerosed portion of the lens i and rigid and 


incapable of changing its shape. nce, the further 
advanced the sclerosis of the lens i less capable it is of 
making those alternating chan curvature which are 
necessary for the function of mmodation. For this 


advancing age; this result a recession of the near point 
and, ultimately, in th ction of the condition called . 


presbyopia. 
The nucleus rig more light than the non-sclerosed 
part of the ge or this reason, the pupil of an elderly 


reason, the accommodative “ye of the eye diminishes with 


person whose leggAhas a large nucleus is no longer of such a 
pure black, youth. It gives a grey or greyish green 
reflex (th NS ile reflex) which is often confused by the inex- 
p ES h a beginning of cataract. 

Th external envelope of the lens or lens capsule is a 
h ro) ous membrane slightly thicker on the anterior than 
exer posterior surface. The anterior portion is further 
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distinguished by having a single layer of cubical epithelial — 


cells, the lens epithelium, which plays an important part in 
the growth of the lens, as the fibres of the latter originate 
from the cells of the capsular epithelium. On following the 
epithelium towards the equator we see that the epithelial 
cells become taller and longer until they are converted into 
long fibres, the fibres of the lens. As these originate from 
the meridional rows of epithelial cells, they arrange them- 
selves in radiating lamelle, and this explains why opaci- 
ties in the lens so often occur in the form of radial striæ. 
As the epithelial cells become elongated, their nuclei recede 
from the capsule into the interior of the lens so that a 
zone is found along the equator in which there are numerous 
nuclei lying in the lens substance. This nuclear zone, as 
it is called, represents the portion of the lens in which the 
growth of the latter takes place. This growth occurs by a 
process of apposition, new epithelial cells constantly growing 
out into the lens fibres which are placed next to, and out- 
side of, the older fibres. In this way the lens acquires a 
concentrically laminated as well as a radial structure, the 


fibres lying in the central portion being the oldest, while 


the most external ones are the youngest. The reason for 
cell-nuclei not being present outside the nuclear zone in the 
interior of the lens is that the nuclei disappear from the 
older lens fibres.’ 

The fibres constituting the lens have the form of long, 
prismatic six-sided cords; they are closel © lied to each 
other, forming concentric laminæ arran somewhat like 
the coats of an onion, and are held t er by a cement- 
like substance. The lamellz of th are seen in stereo- 
gram XIV. See also the chapter issection (page 363). 
The fibres begin and end upon terior and posterior sur- 
faces of the lens along lines x radiate from the anterior 
and posterior poles; here y form a Y-shaped’ figure, 
the stellate figure of ros which can often be recognised 


in the living eye of ad y focal illumination. The three 
rays of the stellat alternate in position on the two 
surfaces, thus divi the lens into six sectors whose apices 
meet in the regiog@of the anterior and posterior poles. In 
sts (e.g. in opacities of the lens) the sectors 
very prominently. The fibres of the nucleus 
distinguished from those of the cortex by being 
more er and having edges which, owing to the shrink- 


ing Athe fibres, are finely serrated; there is, however, no 
line of distinction between the nucleus and the cortex. 


oS 1Fuchs’s “ Text-Book of Ophthalmology,” pages 522, 523. 
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The structure of the lens will be better understood if 
we consider its embryological development. We have seen 
that the lens springs from the outer or superficial ectoderm 
of the embryo which becomes invaginated (i.e. folded in) to 
form the lens vesicle. The coating of cells upon the poste- 
rior wall of the vesicle grows out and is used up to form 
the lens fibres and thus, later on, when the lens is completely 
formed, there are no epithelial cells left on this wall. By 
this outgrowth of cells and their transformation into long 
fibres, the whole vesicle is filled up so as to form a solid 
body in which each one of the newly formed fibres extends 
from the anterior to the posterior lens capsule. 

The subsequent growth of the lens by apposition of 
new fibres continues, as is the case in all other epithelial 
structures, during the entire life. But while in other epithe- 
lial structures (e.g. epidermis, hair, nails) the exfoliation 
(i.e. the shedding) of the oldest cells serves to maintain a 
state of equilibrium, no such exfoliation is possible in the 
lens which is completely shut in, and compensation takes 
place by a diminution in the volume of the oldest fibres 
through a process of shrinking resulting in the formation 
of the nucleus. This diminution in volume does not, how- 
ever, fully offset the growth of new fibres and the lens 
therefore keeps on enlarging even in advanced age. 
According to Priestley-Smith, in the sixty-fifth year of life, 
its volume is about one-third more than in the twenty-fifth 
year. 

The lens subserves optical purposes exclug} 
its optical functions are not associated with 
matter, nutrient materials are required i lens only in 
extremely small quantities in order t ep the capsular 
epithelium and the lens fibres from CORRE. This nutrient 
material the lens receives from 3 rounding fluids, the 


vitreous and mainly the aqueou diffusion through the 
capsule. Definite, preformed,-hannels for the circulation 
of liquid within the lens do xist. That the metabolism 
of the lens, very much li of the cornea, goes on with 
extreme slowness is p by the fact that pathological 
processes (for instan¢é cities) often remain stationary for 
an uncommonly longsgeriod or spread but very slowly. 

In another è ct the lens is more or less similar to 
the cornea. ens fibres, like the fibres of the cornea, 
have the pidyerty of absorbing liquids in considerable 
amount a consequently of swelling up and becoming 
opaque..\[f, after opening the capsule, we place the lens in 
water, f, in the living eye, we give the aqueous fluid 
acca, tò the lens fibres by cutting the capsule open, the lens 
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becomes cloudy and swollen. We may ask by what means, 
in normal conditions, the lens is protected from the entrance 
into it of the aqueous. Just as in the cornea it is not 
Descemet’s membrane but the endothelium that keeps the 
aqueous back, so in the case of the lens, it is not the capsule, 
but mainly the epithelium of the latter that effects the same 
object. Hence, every lesion of the capsular epithelium 
leads, sooner or later, to cloudiness of the lens. Thus are 
explained not only traumatic cataracts with ruptures of the 
capsule, but many other sorts of cataracts in which the 
epithelium is injured without rupture of the capsule. This 
behaviour of the lens is made use of in the procedure of 
rendering a partially clouded lens completely opaque 
(artificial ripening). This operation consists in massage of 
the anterior lens surface (through the cornea) so that the 
capsular epithelium be injured by compression, Another 
form of clouding of the lens is observed if the composition 
of the aqueous or vitreous is essentially altered or poisonous 
substances are present in these fluids. Thus are explained 
the opacities of the lens depending on poisoning (e.g,, 
naphthalinic cataract) and also most cases of complicated 
cataracts in which, by disease of the inner coats of the eye, 
an essential change is set up in the aqueous or vitreous. 


CHAPTER XII. 


DESCRIPTIVE ANATOMY OF THE NERVOUS APPARATUS 
OF THE EYE, RETINA, OPTIC NERVE AND VISUAL 
CEREBRAL CENTRES. 


The Nervous Apparatus of the Eye. 

The macroscopic study (i.e., the study by means of 
dissection and examination with the naked eye by contradis- 
tinction with microscopic study) does not give definite 
indications on the disposition of the nervous apparatus of 
the eye, nor does it show anything definite about the intra- 
cerebral path of the optic fibres, but it shows the general 
arrangement and must necessarily be the starting point for 
a more accurate investigation. 


A complete study of the nervous apparatus of the eye | 


Should be carried out first by examination with the 
naked eye (or with a simple magnifying glass when neces- 
sary), with the ophthalmoscope, with the microscope, and 
finally by the anatomo-clinical method. 

At a first glance, descriptive anatomy shows that from 
the posterior part of the globe an optic nerve proceeds, 
passes from the orbit into the skull and partly unites with 
its fellow to form the chiasma from which the two optic 
tracts spring. Each optic tract seems to become prt of the 
corpora geniculata (internal and external) whic A in their 
turn, connected with the corpora quadrigemin&y 

This is all we can do by means of disg&hon, In fact, 
up to recently, anatomists used to © d the corpora 
geniculata and quadrigemina as the r rigin of the optic 
nerve. It is true that, in 1846,. oa escribed a cerebral 
expansion of the optic tracts ich he called the optic 


radiation, but he thought that t res forming this expan- 
sion radiated in the whole ext@t of the cortex of the cerebral 
hemispheres. By method shall examine presently, it 


has been found that uo rés forming the optic radiation 
are directed to the ae cortex about the internal part of 
the occipital lobe ndarythe calcarine fissure. 

To sum up, @issection and examination with the naked 
eye only enabl to trace the path of optic fibres from the 
retina to ma of grey matter constituting the ganglia of 
the base e brain (corpora geniculata and corpora 


quadrigenNfta). These ganglia are termed the primary 
visual gires 


us examine this portion of our subject a little more 
‘BOs, going from the retina towards the brain. The 
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opposite way is generally adopted in text-books, but the 
former is more logical as it represents the direction of 
propagation of visual impulses. 


The Retina. 


It is easily ascertained that if a human eye is cut by 
a section perpendicular to the visual axis, the internal por- 
tion of the posterior half of the globe, especially if the 
-vitreous body is carefully removed, appears with a brownish 
background formed by the choroid, over which a transparent 
membrane, the retina, can be made out. This retinal 
membrane, transparent if the eye is freshly removed, soon 
becomes opalescent and it can be seen that it apparently 
covers the posterior two-thirds of the ocular cavity and 
-extends forwards to an indented border, the ora serrata, 
situated a little farther back than the ciliary processes. The 
nervous or physiological retina ends at the ora serrata, but 
-really the retinal membrane is continued forwards up. to 
the pupillary margin by what are termed the ciliary and the 
iridic parts of the retina, as we have stated before. Besides 
the blood-vessels which run in it, as we shall see a little 
later, the retina presents two important regions which can 
be recognised with the naked eye, namely the macula or 
yellow spot and the papilla or optic disc. 

On a retina that is still transparent the macula appears 
as an oval darkish-brown spot with its major axis (about 
2 mms. long) either horizontal or slightl Yprique, The 
macula is near the posterior pole but slindtly on the tem- 
poral side of it and may be regarde the physiological 
centre of the retina. 

The papilla or optic disc (1 xQ mms. in diameter) is 
lighter than the choroidal bac d, and the retinal vessels 
radiate from it. The disc gepsésents the region where the 
optic nerve is continued in Kihe retina. It is about 4 mms. 
(inward) from the macu d 1 mm. above it. 


Let us now exam} he different regions of the retina, 
first with the nake ith the aid of a magnifying glass, 
if necessary, and the ophthalmoscope. 

The ora a, as already mentioned, is the black 


indented ling tsfming the anterior limit of the physiologic 
retina. € shown most distinctly in stereogram IV. and 
consists wo parts: (a) The indented border itself, that 
is thè made of angles directed alternately in and out; 
Eaton is not regular, the sinuosities are deeper 
os Xhe nasal side and diminish toward the two extremities of 

NO: ettical diameter; they are hardly visible on the external 
side. There are in the ora a variable number of teeth, 
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ranging from 18 to about 40, the width of each varying 
from 4 to 2 mms; the ora serrata is less marked in children. 
(b) A brownish zone about 1 mm. wide immediately behind 
the indented border. It is in this zone that the adherence 
of the retina to the choroid begins. This adherence 
becomes perfect on the indented line, the physiologic retina 
being continued into the ciliary part of the retina which 
forms the epithelium of the ciliary processes. 

When the retina undergoes post-mortem changes, and 
becomes opalescent, it forms at the level of the ora serrata 
a kind of projecting circular ring which clearly shows the 
end of the physiologic retina. 

The microscope is necessary to show the structural or 
histological differences between the retina proper or physto- 
logic retina and the ciliary and iridic parts of the retina. We 
shall revert to the subject a little later. The ophthalmoscope 
cannot give a view of the ora serrata, but this part, as well 
as the ciliary part, is well displayed in stereogram IV. 

The naked eye examination of a fresh retina in an open 
eye shows it to be absolutely transparent and to allow a view 
of the pigmented layers below it, the brownish shade of 
these layers varying in subjects and races. The retina itself 
is only visible by its blood-vessels. The same remark applies 
to the ophthalmoscopic examination but then, owing to the 
high magnification (12 to 15 in the direct method) there is 


a special ‘‘granite’’ appearance due to small piXmentary 
irregularities of the epithelial layer. The op l*¢moscope 
also permits a differentiation between the ries (vivid 
red) and the veins (darker and usually thick€N* In children 


and young subjects the retina shows a YOt” appearance, 
especially in the neighbourhood of bi Qoos; this is prob- 
ably due to a raising of the anterio)" ce by the vessels; 
inclined surfaces are thus rna ence the play of light. 

The macula is best studied @h the ophthalmoscope in 
children. It shows as a dark@yal patch (long axis usually 
horizontal) on the reddi hthalmoscopic background. 
The short axis (vertical ears about equal to, or slightly 
less than, that of the on (14 mms.). The long axis (hori- 
zontal) is about 2 . _ This dark oval is surrounded by 
a delicate lumingygeflex, a minute bright spot at the centre 
is surrounded Jone even darker than the macular area 
itself. Theseg no effects, or retinal reflexes, are explained 
(like those along vessels) by differences of level: the 
macula $ slightly depressed surface with a still deeper 


depr at the centre (fovea) as shown in microscopic 
Sectiorw; the light sent by the mirror is reflected by the 
i d surfaces thus formed. In the adult the peripheral 
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macular reflex disappears but the foveal one often remains 
visible, at least in the examination by the direct method. 

On an open eye, the retina of which is fresh and tran- 
sparent, the macula only shows as a small dark brown spot, 
badly defined and in which no details are visible, but after 
a few hours, when the retina has become opalescent and 
somewhat cedematous, the macula assumes a light yellow 
colour (hence the name of macula lutea). At the centre of 
the spot, the post-mortem thickening of the retina renders 
the foveal depression very apparent. In fact, the fovea is 
deeper than in the living eye because at this point the retina 
is very thin and does not undergo the same thickening 
as the rest of the macula. 

The dark brownish shade of the macula when the retina 
is in situ is especially marked round the fovea. This dark 
appearance is due to several causes: the chief one is the 
high pigmentation of the subjacent hexagonal epithelium. 
Moreover, this epithelium is seen through a modified, 
thinner, retina showing distinctly the dark coloration of the 
pigment. Finally, the macula possesses a straw coloration 
of its own which cannot be seen either in the fresh (tran- 
sparent) retina so long as it is applied on the choroid, or 
with the ophthalmoscope in the living eye. In both cases, 
the proper colour of the macula is not visible on the dark 
background formed by the subjacent tissue which is viewed 
by transparency. But after death, when theyetina becomes 


opacified and no longer allows the cho o be viewed, 
then the true colour of the macula beco apparent. 
If the retina, still transparent, gANdetached from the 


choroid and examined by transpag@fyy on a light ground, 


it shows a yellow spot, correspo to the macula and the | 


fovea appears as a colourless soù the middle of the yellow 
spot. Hence, and dees ea ass the yellow colour of 
the macula is not really tk@)tesult of post-mortem changes 
as is often stated, but its the post-mortem opacification of 
the retina that makes_@gpparent in the retina in situ. 
Anatomically N@ apilla belongs to the optic nerve 
but topographica it must be described as a part of the 
retinal surfacd, ith the ophthalmoscope it appears on 
the choroidat background as a light patch, circular or almost 
circular. diameter is 1.5 to 2 mms. The retinal vessels 
m near its centre. It is generally surrounded 
ite border or scleral ring, which is the edge of the 


s constituting the papillar tissue. Immediately outside 
scleral ring there is a second ring, often incomplete and 
reduced to a thin band on the temporal side; it is the 


by 
sce hole seen through the nervous semi-transparent 
£ 
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choroidal ring, i.e., the pigmented edge of the choroid 
visible where it is not covered by opaque retinal epithelium. 

The papillar surface has not the geometrical regularity 
of the rest of the retinal surface: such a regularity would 
be useless as the spot is blind. Yet the papilla does not 
form a projection as its name implies. It presents, on the 
contrary, a central depression, variable in size and depth, 
due to the spreading of the nervous fibres radiating into the 
retina (physiologic cup). Emerging from the nasal side of 
the cup and accompanied by a great number of nerve fibres, 
the vessels form at this point a very slight projection. At 
the bottom of a large physiological cup it is often possible 
to see the lamina cribrosa, especially with the higher magni- 
fication of the direct method. The nerve fibres, being 
transparent, do not show on the papilla, but, in children, 
it is frequently possible to see (direct method) a striation, 
immediately round the papilla, due to the radiation of the 
fibres. 


Retinal Blood-Vessels. 


The central artery and vein emerge from near the centre 
of the papilla, the artery being generally on the nasal side 
of the vein. The first bifurcation of the central artery occurs 
generally vertically, so that we see with the ophthalmoscope 
a superior or ascending and an inferior or descending artery. 
Each bifurcates again so as to form a temporal and a nasal 
branch, superior and inferior, and the bifurca coors on 
dichotomously so as to cover the whole retina ace. 

The two temporal arteries (superior an i 
above and below the macular region: t 
surrounding part are thus free from vessels though 
highly vascularised by fine ai ih erging towards the 
macula. This arrangement is th we) of the necessity for 

S 


a physical and anatomical perf n at the macula: this 
perfection would be diminish eflexes and shadows of 
big vessels and by EPS oubles in the circulation of 
these vessels. 

The veins are dis C> like the arteries though the 


venous tree is not jf osed to, but intercalated with, the 
arterial tree. That ibas a rule and except necessarily near 
the disc, the art and veins do not proceed side by side 
as is usually case in the limbs and other parts of the 
body, but @ ein is placed about the middle of the angle 
formed b diverging arteries. This, again, is due to a 


physioleXic necessity, since the juxtaposition of two vessels 
woyl&f}rn a more or less opaque band, troublesome by its 
sha@w and reflexes. 
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Post-mortem Changes in the Appearance of the Retina. 


A few hours after death the retina becomes opalescent : 
its tissue swells, this swelling causing the formation in the 
free surface of projecting folds, the arrangement of which 
is constant. The first fold to appear is one going a little 
obliquely from the papilla to the macula: it is the plica 
centralis retinz of old authors, who regarded it as normal. 
Other folds go from the papilla to different points of the ora 
serrata, but those which pass above and below the macula 
curve exactly as the blood-vessels do, The direction of 
these folds is evidently determined, by that of the bundles 
of nervous fibres. We shall come again on this point in the 
part on microscopic anatomy. 


Coloration of the Retina—Visual Purple. 


The study of the coloration of the retina and of the 
visual purple belongs to the branch of science called 
Physiologic Optics. For our present purpose we shall 
merely say a few words on the coloration of the living 
retina, this coloration being more easily observed in the eyes 
of ‘animals, which have been kept in the dark for some time 
before death. 

The subject was investigated by Boll in 1876. The 
best eye for the study of this question is that of the frog. 
The animal being kept in the dark for a time before being 
killed, its eye is divided and the retina ted from the 
choroid by meansof a pairof forceps; th ment epithelium 
appears first of an intense red. This c fades during the 
first few seconds and disappears ‘about 30 seconds, 
leaving a slight yellowish shade stage). During the 
30 to 60 seconds following ometimes for a longer 
period, the retina shows a R , brilliant appearance (2nd 
stage). Then, this disapp and the retina becomes trans- 
parent and remains so fgr About 15 minutes or even more 
(3rd stage). After tN it becomes opaque (4th stage). 
Boll thought at fir this red appearance was a transient 
vital property vA could only be demonstrated a short 
time after oo) ut, examining eyes a few seconds after 
the death of thé animals, he found that the retina is not 
always re he came to the conclusion that the absence 
of color is not due to death, that it may occur during 
life ane iat the action of light could determine the presence 
or N nce of coloration. Examination of the retinæ of 
animals exposed to the sun and of others kept in the dark 

ed him most plainly that the former were pale, the 
latter red. 
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Kuhne found in human eyes (bandaged for a time imme- 
diately before death or examined after 48 hours in the dark) 
that the retina, viewed by its choroidal surface, showed a 
red coloration quickly disappearing in the light. The yellow 
spot was not affected, and the same applies to a zone about 
2 mms. wide immediately behind the ora serrata. 

A clear understanding of the anatomical relation of the 
retina to the choroid and the vitreous is of the utmost 
importance. The retina is applied over the internal surface 
of the choroid. It envelopes the vitreous which is moulded 
on its concave surface. There is no actual connection 
between the retina and choroid, although the two membranes 
may physiologically present a reciprocal adherence. Boll 
found that in eyes conserved in the dark the retina is easily 
separated from the pigment epithelium, but if the eye has 
been under the influence of light, the separation is not so 
easy, the retina being often broken in the attempt. He 
suggested that the action of light on the pigment caused the 
difference and this has been verified. On microscopic sec- 
tions he could see that in those eyes kept in ‘the dark the 
interstices between the rods were completely free from pig- 
ment, whereas in eyes exposed to light, filaments of pigment 
extended from the cells of the pigment epithelium up to the 
bases of the rods, i.e., to the so-called external limiting mem- 
brane. Thus, the pigment cells of the pigment epithelium, 
which are attached by a cement-like substance to the choroid, 
may, by penetration of their protoplasmic filagten}s, deter- 
mine a fairly. strong adherence between the c id and the 
retina. 

The fact was originally observed Il in the frog’s 
retina. Later on, it was found that t enomenon is more 
marked in fishes, amphibia, NO) birds than in mam- 
mals, and Schultze has shown tKat ff applies to the human 
retina, the penetration extending early to the bases of the 
rods.. The pigment epithefRMjm is therefore capable, at 
least. under the action of OF of constituting a means of 
union between the chorgi the retina. 

In most cases of ological detachment of the retina 
the external surface(s White, but then the pigment epithelium 
remains with t choroid, i.e., the detachment occurs 
between the ret nd the pigment epithelium as in the case 
of the retina e frog in the dark. We must not conclude, 
however the pigmentary adherence does not exist but 
that an N ration of the pigment cells has destroyed this 
adher and prepared the detachment. 

e’retinal surface is kept in the regular state necessary 
f AFi by the pressure of the vitreous, and the: normal 
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vitality of the latter is of considerable import to the former. 
If the vitreous shrinks, or becomes soft, the retina is threat- 
ened with detachment. When the detachment is complete 
the nervous membrane finally forms a cordon, the posterior 
end of which is at the papilla, the anterior end widening like 
a funnel, the circumference of which is fixed to the choroid 
at the ora serrata. The papilla and the ora are the only two 
regions where the retina presents adherences, these being 
formed by the retina being continuous with the fibres of the 
optic nerve on one hand and by the ciliary part of the retina 
(which is intimately connected with the choroid) on the 
other hand. 

Level with the papilla, the vitreous presents the widened 
aperture of Cloquet’s canal; the papillar surface is therefore 
in contact with the liquid filling the canal; this detail can 
only be observed on sections as, owing to the transparency 
of this structure, it cannot be seen with the ophthalmoscope. 

The vitreous is in contact with the retina in the living 
eye but, after death or by maceration, the two parts become 
separated showing a well defined membrane (hyaloid) enclos- 
ing the vitreous. Occasionally an adherence may occur at 
some part of the papillar edge; this is probably due to a 
vestige of the central artery of the vitreous, under the form 
of fine connective tissue filaments not visible to the naked 
eye. 

The Optic Nerve. ş . 

The nervous cord uniting the rting e ganglia of 
the base of the brain forms a onsi dati hole. But, for 
descriptive purposės, we shall consi de tparately the optic 
nerve, the chiasma, the optic tract d the ganglia of the 
base or primary visual POREN 

On opening the orbit we! KS at the optic nerve, sur- 
rounded by its sheaths, fous a white cord, about 4 mms. 
thick, extending from a g near the posterior pole of the 
eye to the optic chias It is practically cylindrical in the 
orbit and the N : distinctly flattened vertically in 
the cranium. 

The optic cy may be divided into: (a) a short intra- 
scleral portion t visible): (b) an orbital portion (about 
24 mms.) :* a canalicular portion (6 to 7 mms.): (d) a 
cranial p n (10 to 12 mms.). 

\\Bhe intrascleral portion measures about 1.25 mms. 
in le . The so-called sclerotical foramen, through which 
t erve passes into the eye, consists of numerous small 


à e$ in the inner layers of the sclerotic, forming a sieve-like 


artition known as the lamina cribrosa. The external fibres 
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of the sclerotic do not enter into the formation of the lamina 
but are reflected backwards and become part of the dural 
sheath of the nerve. 


(b) The orbital portion presents two S-shaped curves 
which permit free rotation of the eye without the nerve 
becoming taut. 


(c) The canalicular part of the nerve lies in the optic 
canal which consists of a bony portion, 4 mms. in length 
and of a fibrous portion extending into the cranial cavity for 
a distance of about 2 to 3 mms. Only the nerve and the 
ophthalmic artery (which lies on the inner side of the nerve) 
pass through the canal; the nerve, surrounded by its sheath 
which adheres to the periosteum, exactly fills the canal; 
hence, a traction, however violent, is not transmitted to the 
brain but owing to the fact that the optic nerve within the 
canal is tightly enclosed by the bony wall of the latter, this 
portion of the nerve, like the intrascleral portion, has a 
peculiar predisposition to morbid affections. 


(d) The intracranial portion of the nerve extends from 
the end of the optic canal to the chiasma; it is practically 
straight. It is subject to pressure from intracranial tumours 
and to constriction from organised inflammatory exudates. 

The optic nerve forms a homogeneous trunk, sur- 
tounded by sheaths. In the short intrascleral portion, the 
nerve is compressed in the scleral ring: beside, i 
translucent but becomes white and opaque an 
volume as soon as it emerges from the posterg 
face. These two modifications are due to 
passing into the globe the myeline sheat 
optic nerve fibre in the orbital and i 
the nerve is discarded; this acon the sudden decrease 
in the diameter of the nerve as gf es through the lamina 


cleral sur- 
fact that on 
rounding every 
anial portions of 


cribrosa since its constituting fi are now reduced to the 
thickness of thin, bare, and tygnSparent cylinder-axes. 

With the naked eye, nerve appears as made of a 
single bundle or, more egy, it is not divisible by dissec- 
tion into secondary b ANSA as is the case for nerves in the 
limbs. It is firm; ©) sue is extremely strong and cannot 
be crushed betw tHe fingers. The pia mater is embodied 
in the surface íhe nerve, and on attempting to separate 
the two by dj tion, it is found that the former (pia mater) 
sends inta hickness of the nerve a quantity of partitions 
or septa Wk&Ych give it its firmness and strength. In the 
orbitalajart the nerve is surrounded by a white, fibrous, thick 
enyeÑpe continuous with the sclerotic on the one hand and, 
thugh the optic canal, with the cranial dura mater on the 


@ 
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other. This envelope is called the dural sheath, which 
strongly adheres to the tendons of insertion of most of the 
ocular muscles at the orbital end of the optic canal, as we 
shall see later on. In the canal itself it adheres to the peri- 
osteum and, in this way, it forms the chief insertion ofthe 
optic nerve at the apex of the orbit; in fact, a strong man 
pulling on the globe with all his strength could not drag it 
out of the orbit. It follows that a traction, surgical or 
traumatic, is not transmitted to the brain; it stops at the 
optic canal. In the cranium, the nerve is no longer covered 
by its dural sheath as this, at the posterior end of the optic 
canal, is continuous with the dura mater which lines the 
cavity of the skull. The pia mater covers this part of the 
nerve in the way already described. 


The Optic Nerve Sheaths. 


To resume, the three sheaths of the optic nerve origin- 
ate from the three membranes enveloping the brain. The 
inner one or pia mater closely embraces the trunk and from 
it, bands of connective tissue or septa pass into the interior 
of the nerve: with them pass the blood-vessels. The external 
(dural sheath) is much thicker than the internal one and 
surrounds the nerve loosely in its orbital and canalicular 
portions. Owing to this, a fairly broad space (intervaginal 
space) is left between the pial and the dural sheaths. The 
middle or arachnoid sheath is a very delicate pellicle which 
is united by numerous trabeculze of co Ve tissue to 


the external and internal envelopes. It ides the inter- 
vaginal space into two portions, the s ral and subarach- 
noidal spaces, which These AN the cerebral spaces 


when they are pathologically by an accumulation of 
fluid, as in optic neuritis. e surfaces of the sheaths 
adjacent to these spaces aO S with an endothelial 
coating, so that the Fx and subarachnoidal spaces are 


of the same names. These ka Particularly prominent 


lined completely with helium, and must be regarded as 
true lymph chann 

Anteriorly, Rw) Oe sheaths become united to the 
sclerotic. The(extérnal and middle sheaths pass into the 
outer two-thigds~of the sclerotic: the inner sheath goes to 
the inner amellz of the sclerotic which form the lamina 
cribosa, it is also connected with the choroid. The inter- 
pace has a blind ending situated within the 


orresponding membranes of the brain. 
he blood-vessels necessary to sustain the lifeof the optic 
e pass from the pia mater into the nerve. In addition, 


vagi 
scle NS Posteriorly, the three sheaths are continuous with 
os 
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in the anterior portion of the orbital section there are found 
the central vessels of the optic nerve. The central artery is 
a branch of the ophthalmic artery: the central vein empties 
into the superior ophthalmic vein or directly into the cavern- 
ous sinus (see page 335). Both vessels enter the optic 
nerve ten to twenty millimetres behind the eyeball and run 
in the axis of the nerve as far as the papilla, where they 
divide into the retinal vessels which have already been 
described. 


The Optic Chiasma, the Optic Tracts and the Primary Visual Centres. 


The chiasma is formed by the meeting of the two optic 
nerves, which seem to be fused to. form.a thick nervous plate, 
the: posterior angles of which give birth to the optic tracts. 
Partly embedded in the cerebrum, and well visible on a brain 
turned upside down, the chiasma appears as a white quadri- 
lateral plate with concave sides, wider than long (12 to 14 
mms. wide; 5 to 6 mms. long). The inferior surface of the 


chiasma lies in the optic groove of the body of the sphenoid. 


bone; most of the superior surface projects into the cavity of 
the third ventricle. Dissection is insufficient to elucidate the 
course of the optic fibres in the chiasma. 

The visual or optic tracts can only be seen on a fresh 
brain when the anterior part of the cerebral lobe has been 
raised (or cut away on a hardened brain). Each tract appears 
as a flattened white bundle extending from th& posterior 
angle of the chiasma to the geniculate bodieg{ Yhe tract 
passes round the cerebral peduncle and, its end, it 
divides into two roots, each of which is cofNħùuous with one 
of the geniculate bodies. (These bodies a as we have seen, 
two small rounded masses of grey r on each side of 
the median line, under the pulvin W osterior part of the 
optic thalamus). The external fgofof the optic tract goes 
to the external geniculate body, @j€ one forming a projection 
from the inferior surface of t®pulvinar. The internal root, 


smaller than the other, go the internal geniculate which 
is smaller than the exten d placed nearer to the median 
line. According to t researches, the internal root of 


the visual tract ad fhe internal geniculate body are not 


concerned with, yigion. 

The quadgdeehina bodies are so called because they 
consist of fo, unded masses of grey matter situated under 
the corp losum above the aqueduct of Sylvius. They 
are arran in two pairs on each side of the median line, 
the gstior pair and the posterior pair. The anterior quad- 
rigetWhdl bodies appear as two ovoid masses of greyish 
sor, 8 to 12 mms. long; from the external part of each 
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a white cord, termed the arm of the corresponding body, 
connects it with the external geniculate on the same side of 
the median line. 


The Cortical Visual Centre. 


The geniculate bodies and the quadrigeminal bodies 
were formerly regarded as being the real origin of the 
optic nerves. It is well known now that such is not the 
case: only the external geniculate and the anterior quadri- 
geminal on each side of the median line belong to the visual 
apparatus. They constitute the infra-cortical centres or, as 
often termed, the basal or the primary visual centres; they 
represent an association of sensory centres, motor centres 
and conductors connecting these various centres, but they 
do not represent the true visual centre which is located in the 
brain cortex and is necessarily connected with the primary 
centres. This connection is intracerebral and cannot be 
ascertained by mere dissection and examination with the 
naked eye or even with the microscope. It is true that 
Gratiolet described (1846) a system of fibres extending in 
fan-like fashion, from the primary centres to the cortex, but 
he thought that this optic radiation, as he called it, was dis- 
tributed to the whole of the cerebral cortex. It was in about 
1880 that physiologists began to localise the visual centre 
in the occipital lobe. The exact limits are not absolutely 
determined, but, as we shall see later on, i certain that 
the calcarine fissure and the convolutions “Si h are above 
and below it, namely the cuneus above the lingual lobe 
below, are parts of the visual centre. %n fact, this centre 
seems to extend to the whole of thi ernal surface of the 
occipital lobe, especially to R about the calcarine 
fissure. 


Comparison of the Nervous A fohius of the Eye to that of other 
Sense-organs. Q 

A brief comparis 

other sense-organs 


9 the nervous apparatus to that of 
a few supplementary remarks on the 
embryological pment of the retinawill be of some help 
to enable the rèađder to gain a sound knowledge of the 
present part Dour subject. 

The rita, like all other parts of the bodies of living 
beingsigNRe result of an embryological evolution or develop- 
ment Shh is but the repetition in an exceedingly short time 
of N infinite series of ancestral states. In order to under- 
SQ) the why of the present state, we must therefore have 

me knowledge of the ontogenic and phylogenic past. 
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(Ontogeny is the development of the individual, phylogeny, I 
| that of the species.) Moreover, the retina is part of a family 
i of organs (sense-organs), the mechanisms of which are very 
similar, as we have already pointed out (page 135). It | 
follows that the simplest of these organs give to some extent 
the key to the working of the more complicated ones, amongst 
which is the retina. Finally we find in the animal series (in 
mollusca, pineal eye of some reptiles) retinæ which, though 
simpler in structure than the human retina and differing 
from it by their origin and development, are, however, essen- ` 

| 
| 


tially similar and the study of these simpler forms is calcu- 
lated to furnish important data concerning the retinæ of 
higher vertebrates. Hence we will proceed to a brief study 
of the following subjects. (a) General anatomy of sense- 
organs. (b) Embryological development of the retina. 
(c) Comparative anatomy of the retina. 


General Arrangement of the Sense-organs. l 


Let us explain first the analogies of the retina with the 
nervous parts of other sense-organs. We have seen that 
the nervous system is essentially made of nervous cells and 
nervous fibres. It has been recently ascertained that these 
two elements are not independent and that a nervous fibre | 
is never found except as a process emanating from a nervous 
cell. The term “‘ neuron ” is used to denote a nervous cell 
and all its processes (dendrites and axon). We hav¢ seen that 
nerve cells are of different shapes, often irreg@lay in form 
and varying in size from 6 to 60 microns. EN pical nerve | 
cell consists of a nucleated mass of protop{asm from which | 
processes extend; cells are termed uni, t- or multi-polar . : 

| 
i 
| 
| 


according to the number of their pr es. Most of these 
processes break up into branches ake of them is distin- 
-guished by not branching. T anching processes are 
termed dendrons or dendrites a e unbranched one, which 
| is continuous with the axis-cynder of a nerve-fibre, is termed | 
l the axon. Each cell with Sper processes and its axon i] 
is an independent stru, neuron, the connection of one 
neuron with another g made by the adjoining of the 
processes. In athe pds, neurons are not anastomosed but 
simply juxtaposed ard the transmission of impulses from one 
neuron to ano does not occur through continuity of sub- 


| 
stance but, se the protoplasmic processes of one are in | 
contact Ss ose of the other. In fact, the nervous system | 

e 


is mad neurons which are articulated with each other, 
these sakticulations or synapses, as they are termed, estab- 
ligh physiologic though not an anatomical or structural 
cOMinuity, 


222 _SENSE-ORGANS 


In the dendrons or dendrites, the direction of the 
impulses is cellulipetal; it is cellulifugal in the axons. The 
dendrons are. therefore receivers of impulses produced in 
neighbouring elements; they transmit these impulses to the 
cell to which they belong. The axon, on the other hand, 
transmits the impulses produced in the cell to the elements 
with which it is connected (Van Gehuchten’s law of the 
dynamic polarisation of nervous elements). 

All sense-organs are formed of epithelial surfaces, of 
ectodermic origin, each of which is modified in view of its 
adaptation toa special function and is connected with the 
central nervous ‘system by a chain of neurons. 

Though apparently very different, all the sense-organs 
are built on the same principle, as we have seen before. The 
sensitive neurons, in which the nervous current flows from 
the periphery towards the centre, present ramified processes 
in relation with the sensorial epithelium and a cylinder-axis 
process directed towards the cerebro-spinal centres. 

In the simplest type of sense-organ, that of touch, 
the sensitive neuron is located in the skin and is connected 
by an intermediate neuron with a centra! neuron in the 
cerebro-spinal centres. In more complicated sense-organs, 
we find that the sensitive or peripheral neuron and the central 
or perceiving neuron are connected by intermediate neurons 
which form a chain, the various elements of which have a 
tendency to become more closely associated, anyarrangement 
which is evidently an improvement permit an easier, 
quicker and more perfect working. 
In the retina, these new conditions Ros 
degree. As we shall see presently 
sensorial epithelium or peripheral on, an intermediate 
neuron and a central neuron, ed in a series perpen- 
dicularly to the thickness of t mbrane. It also includes 
other neurons, not belonging the fundamental chain, but 
disposed horizontally in o a o connect together the various 
elements of a same reti yer. 

These consider show that the retina is a true 
nervous centre sin N includes in its thickness not only 
the sensoral epig and the peripheral neuron, but also 
the central neyro As we shall see presently, embryology 
confirms me w: it shows that the retina is not developed 


alised to a high 
retina includes the 


as an ind dent organ but as an expansion of the brain. 
BesideyNke retina contains a substance, termed neuroglia, 
which™ nly found in nervous centres. It follows that the 
opti\ nerve is not comparable to an ordinary, peripheral, 
“ae but is really a commissural nerve connecting two ner- 
Opus centres. 


ithe inter 
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Embryological: Development of the Retina. 


In our brief study of the embryological development of 
the eye (page 141) we have shown that, at an early period, 
the anterior cerebral vesicle of the embryo gives rise on each 
side to a hollow outgrowth which increases in length and 
becomes thinner at its base (embryo optic nerve). It dilates 
at its free extremity so as to form the primary optic vesicle. 
In this vesicle, spherical in shape, we can consider two hemi- 
spheres, the proximal one, near to the brain, and the distal 
one. 

The distal hemisphere flattens, then becomes concave 
and finally penetrates into the cavity of the proximal hemi- 
sphere. When this invagination is complete, the two hemi- 
spheres are transformed into a kind of cup or secondary 
optic vesicle. Its wall is formed of two laminæ : the internal 
one, representing the old distal hemisphere, will become the 
retina proper whilst the external one, originally the proximal 
hemisphere, will form the pigment epithelium lining the 
retina outside. 

All the retina proper is derived from the internal mem- 
brane of the secondary optic vesicle. Beside the retina 
proper and its epithelium, the two membranes of the second- 
ary optical vesicle also form the ciliary part and the iridic 
part of the retina. 

This formation of the secondary optic vesicle by invagi- 
nation of the proximal hemisphere of the prim vesicle 
enables us to understand the inversion of the x. This 
term denotes the apparently abnormal situation he sensory 
neuro-epithelium or layer of rods and con the anterior 
or inner surface of the retina. In all ot nse-organs, the 
sensory epithelium is turned towards W xterior, or at least 
towards the medium which ‘sme Sh external stimulus 
to it. The retinal inversion is physical or a physio- 
logical necessity since there areQ) On inverted retinz in the 
animal series. The inversion ġa an embryological necessity ; 
we must bear in mind po the ectodermic layer, 
the layer in relation tank@yexternal medium, is capable of 
giving rise to a sens pithelium. Now, when the ecto- 
derm of the embry omes invaginated at the dorsal line 
to form the primary~hervous canal, the ectodermic surface 
thus Haris comes the internal surface of the canal. 
It is this sur, and only this, which has the property of 
producin sory cells. The retina proper develops from 

N or distal membrane of the secondary optic 


vesiclesXhis membrane derives from the primitive ectodermic 
surfa d it is this surface that is capable of producing 
thé $ensory epithelium of the retina. In other words, the 
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visual cells occupy (in vertebrates) the posterior or outer 
retinal surface because this surface derives from the primitive 
ectodermic surface. 

Embryology also gives us an explanation of the presence 
of neuroglia in the retina. The neuroglia (neuros, nerve; 
glia, glue) is a fine felt-work of extremely delicate fibres 
which, in the nervous centres, bind the nervous elements 
together. The fibres of the neuroglia are, in reality, pro- 
cesses from numberless minute cells; the body of each cell 
is extremely small and the processes extremely numerous. 
The processes of the neuroglia cells are wrapped closely 
round the nerve fibres of the white matter and since they 
thus form a support and a covering for the fibres, the latter 
no longer need their natural external covering; in other 
words, the nerve fibres of the white matter possess no neuri- 
lemma. In the same way, neuroglia forms the supporting 
base for the nervous constituents of the grey matter. 

Recent researches (Ramon y Cajal) have shown that the 
neuroglia cells of the nervous centres are derived from the 
ependyma or lining membrane of the central canal of the 
spinal cord and of the cerebral cavities or ventricles. There- 
fore, neuroglia can only exist where there has been an 
ependyma, i.e., a central cavity or canal. Such is the case 
for the retina and optic nerve derived from the hollow 
peduncle of the primary optic vesicle. Thus we have another 
proof of the fact that the retina is not an independent organ, 
but an expansion of the nervous centres. H the retina the 
neuroglia cells become modified so as to Bh he long fibres 
we shall describe presently under t ame of Müller’s 
fibres. These fibres extend from th ernal to the external 
limiting membrane and constitu e support for the ner- 
vous elements. O 


Inversion of the Retina in ei o eae 
We have already Wi d out that the inversion of the 


retina in man and in vertebrate animals is not a physio- 
logical necessity. «K are types of eyes (e.g., those of the 
higher molluscs) N hich the retina is not inverted. It is 
developed in rm of a depression or fossa in the outside 
ectoderm; theSdnterior orifice of this depression may be 
simply mained and remains in communication with the 
STESA, in which the animal lives, as is the case in 
the XN the nautilus, or again, may be closed in such a way 
tha NN constitutes a vesicle under the transparent ectoderm ; 
this occurs in the eyes of the higher molluscs (gasteropodes) 

hich there is a crystalline lens developed from the ecto- 

mic envelope closing the ocular cavity. 


THE PINEAL EVE 


It is clear that in an eye of this type, entirely derived 
from the outer ectoderm, the retina cannot have the same 
structure as one of cerebral origin. In the first place, it only 
shows the sensory epithelium or rod-layer. The rods, which 
are due to a direct differentiation of ‘superficial ectodermic 
cells, are directed forward: the retina is not inverted. 
Besides, what corresponds to the second and third neuron, 
i.e. to the cerebral part of the human retina, is entirely 
included in the optic lobe, which is a part of the brain. In 
an eye of this type, the fibres of the rods, united so as to 
form a kind of optic nerve, traverse a cartilaginous wall 
(scleral cartilage which may be compared to the orbital wall 
of vertebrates) and go, in arborescent fashion, into the optic 
lobe. In this lobe we find the bipolar cells so arranged as to 
establish a communication with the multipolar cells which 
may be regarded as corresponding to the ganglionic cells of 
the human eye. 


The Pineal Eye. 


In a previous chapter we have alluded to the pineal eye 
of some reptiles. The pineal eye results from the evolution 
of the epiphysis, a hollow pouch or sac which, in all verte- 
brate animals, proceeds from the roof of the middle part of 
the embryo brain. In birds and mammals, the epiphysis of 


the embryo becomes atrophied, the pineal gland being all 


that is left of it 
In some saurians, this pouch, very eet 


optic vesicle, increases in length and when i ches the 
skin, is transformed into an eye by fairly gerie modifica- 
tions. The distal wall of the pouch thighs nto a tran- 
sparent crystalline lens. The proximal is transformed 
into a retina, the edge of which is i ently in continuity 
with the edge of the lens: the tw ens, the functions of 
which are so different, have a sa ne odermic origin. The 
peduncle of the pouch, es ollow, becomes the optic 
nerve. The rods are on tl terior retinal surface, this 
surface corresponding to ernal surface of the cavities 
of the embryo brain. Or the retina of the pineal eye 
is of cerebral origin @nis produced by a cerebral vesicle, 
it is not inverted becefise there has been invagination and 
no production of? sBoondary vesicle. 

The pinea oF in those species in which it still exists, 
is gencrall ga in a stateof arrested developmentand even 
when it is ly well formed, as is the case in Hatteria, it 
does Nous a useful purpose. This supplementary eye 
was, e ously developed in the great saurians of the 
Jura6Sic period, and there is no doubt that in these animals 
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it constituted a most important organ, the necessity for 
Ig which disappeared owing to the altered surrounding 
il | circumstances. 


| | Similarity of Embryological Origin of the Retina and the Crystalline 
ill Lens. 

Ig The retina and the crystalline lens, although very differ- 
i | ent in appearance, present in some animal species a similarity 
i | of origin which is of great interest. This similarity of origin | 
| is very easy to understand since both the retina and the lens 
if are ectodermic formations. It explains the fact, recently 
| discovered, of the regeneration of the lens by the pars ciliaris 
retinæ in some amphibians. In the days following the 
Hl | extraction of the lens of a triton or of a salamander, the two 
i | laminz of pigmented epithelium forming the pars ciliaris 
i | retinæ become the seat of a reaction characterised by a con- 
H | siderable thickening and by depigmentation, and after about 
fourteen days a new lens is formed. 


The Structure of the Retina in front of the Ora Serrata. 


| A few words on the structures derived from the optic 
i | vesicle in front of the ora serrata may be useful. Though 
the retina ceases to exist as a nervous membrane in front of 
the ora, the two laminze of the secondary optic vesicle are, 
however, represented up to the pupillary border where they 
become united: this continuation of the two laminz of the 
secondary optic vesicle in front of the or pia constitutes 


| the ciliary and the iridic parts of the reff. The external 
| lamina, continuation of the pigment ep{kélium, conserves its 
| character of a single layer, deeply ented. The internal 


lamina, continuation of the reti roper, but reduced to l 
a single layer of cylindrical cs little or not pigmented 
up to the root of the iris. IQ t€ portion which corresponds . 
to the folds of the ciliary Gp esses it presents, as a special 
character, a longitudinalgjriation of its protoplasm, probably 


connected with the f ion it performs of secreting the 

aqueous fluid. the root of the iris forwards, it 

becomes as lo ith pigment as the anterior lamina, so 

that the two f 4 continuous, completely black membrane, 
| the cellularggpnstitution of which can only be recognised 
| in albin or in microscopic preparations artificially 
| depi d. 


| special adaptations of the ciliary and iridic portions 
| | of D retina are not limited to the secretion of aqueous and 
e opacification of the iris. The researches of Vialleton 

a Pave proved, as we have explained before, that the dilator 
Q of the pupil is also derived from the pars iridica retinæ. 
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CHAPTER XIII. 


THE NERVOUS APPARATUS OF THE EYE— (Continued). 
MICROSCOPIC STRUCTURE OF THE RETINA. 


History of the Subject. 


A brief history of the subject will show how the modern 
ideas on the constitution of the retina and visual centres, 
and on the working of the nervous apparatus of the eye 
generally, have been arrived at. 

The assimilation of the retina to the cerebral substance 
iş a very old notion mentioned in Galen’s work (about 
200 A.D.) but the retinal structure could not be studied 
without the microscope. All that the anatomists of the 17th 
and 18th centuries knew was what could be ascertained by 
the naked eye. Ruysch found that by maceration the retina 
could be divided into what he called a nervous layer, còr- 
responding to the retina proper, and a limiting membrane, 
placed within the nervous part. Zinn, and after him Jacob 
(1819), observed that between the nervous layer and the 
choroid it was always possible, by maceration, to isolate a 
fine membrane which, at first, Jacob regarded as a serous 
membrane .independent of the retina, but which AY recog: 
nised later on as a part of the retina. We knayXndw that 
this Jacob’s membrane, easily separated in AY eyes, is 


formed by the juxtaposition of the rods and S, separated 
from their fibres at the external limiting ane. Thus, in 
the pre-microscope period, the retina thought to be 


made of three layers: a limiting mer@bike, an intermediate 
membrane or retina proper, and J$coB’s membrane. 

Leuwenhoek (1722) observed @® voluminous rods of the 
frog’s retina by means of len manufactured by himself, 
but his discovery could n ave any result at a period 
when the constitution of Ghz tissues was not known. It 
was only after Bichat h Wrreated histology (1801) by intro- 
ducing the notion oes and after the microscope had 
become sufficientlygperfected, that anatomists began to study 
the retina on a @fitific basis. 

Treviranie 834) discovered again the rods and cones 
of Leuwe ; he regarded them as the ends of the optic 
nerve fibyesy*but, strangely enough, he thought they were 
at th mal retinal surface. _ It was about 1840 that 

was definitely erected as an exact science by the 


histalos 
Tes hes of Schwann, Henle, Remak and others, who 
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proved that the cell is the fundamental element of all tissues. 
| At this period, however, the only method of investigation 
ii | was the dissociation of the constituents of the tissues, and 
it was still impossible to ascertain the exact relations of the 
various parts in such a complicated membrane as the retina. 
I Henle recognised the layer of optic nerve fibres; Hanover 
i | discovered the ganglionic cells, which he assimilated to the 
i | cells of the nervous system. He had previously ascertained, 
on preparations of retinz fixed and hardened in chromic 
| acid, that the rods and cones were really in the external part 
i | of the retina. 

RE Kolliker and H. Müller (1854) were the first to intro- 
| duce staining in microscopic work, and to advance the 
fetes opinion that the rods and cones were the perceiving retinal 
| elements, all the other layers being merely conductors trans- 
| ae mitting the stimulation produced by rays of light in the 
H | rods and cones. They regarded the mosaic arrangement of 
i | the rods and cones and their very minute diameter as 
| eminently favourable for the perception of accurate visual 
|| 


| sensations. A year later Müller gave another proof (still 
accepted in our days) of his assumption ; he showed that 
the vascular figures of Purkinje are produced bythe shadows 
of the retinal vessels on the percipient layer, and he demon- 
strated, by measurements on sections, that this layer can 
only be that of rods and cones. 

The question that arose next was: oy is the visual 
impression transmitted from the rods an s to the optic 
nerve fibres?’ It was in answer to t question that the 
notion of the retinal fibre came to t. This notion has 

l accepted, even now, 
rom the original one. 


been very rich in results and it i 
| though in a form very diffe 
| Kolliker and Müller thought t, although they had been 
| unable to see it, a connegae was bound to exist between 
| the rods and cones and bres of the optic nerve. They 
| were inclined to think t this connection was established 
= through the radi s Miiller had discovered in 1851; 
g the fibre of Mül $ not, however, the true retinal fibre, 
i that is the co Aion between the percipient elements and 
i the nervous.cemtres. The error is easily understood when 
| we consida fhe radial direction of Müller’s fibres, and 
especia en we remember that the notion of two separate 
subs b in the retina, namely, the nervous substance 
prope and the substance of support, had not yet been 
erally accepted. 
he) Miiller died in 1864 without having been able to ascer- 
O tain what, in the retina, was nervous tissue and what was 
À N supporting tissue; he had advanced the theory of the retinal 
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fibres, i.e., of a series of elements directed radially and con- 


necting the rods and cones to the nervous centres, but he 
could not give a proof of the real existence of this connec- 
tion. However, he had directed retinal histology in the 
right channel and had advanced hypotheses which, 50 years 
later, were justified by the researches of Ramon y Cajal 
(individual conductibility at the fovea; reduction between 
the perceiving and the conducting elements in other parts). 
Max Schultze continued Miiller’s researches, and, in 
1865, he published a most brilliant work on the subject. He 


described the exact arrangement of the rods and cones, their 


different distribution in diurnal and nocturnal animals, their 
different function, the histological structure of the macula, 
and he distinguished in a perfectly clear way the nervous 
elements from the supporting ones. His schematic diagram 
and his nomenclature of the retinal layers are still regarded 
as Classical in our day. 

In fact, prior to the recent methods of investigation, it 
was well understood that the rods and cones were the per- 
cipient elements, and the efforts of scientists were directed 
towards the discovery of what was regarded as an absolute 
physiologic necessity, namely, a substantial’ continuity 
between the rods and cones on one hand, and the optic 
nerve fibres on the other. The possibility of a nervous con- 
ductibility otherwise than by continuity was not dreamed of. 

From 1875, to 1886, two methods of coloration of ner- 
vous elements had been invented, that of Golgi 7x), modi- 
fied later on by Ramon y Cajal, and that of ich (1886). 
The first has considerably altered our view the relation 
of nervous elements generally, and the XC has especially 
served to confirm the results of the fir 

The method of Golgi and oR has fulfilled a 
desideratum which had long res warded as unattainable, 


that of staining a few cells only a mass of nervous sub- 
stance, in such a way that thege cells are coloured in all their 
length and up to the extr VY of their finest processes. 
“ When a bit of brain pinal cord or of retina, hard- 
ened in bichromate “ef ash, is placed for 24 hours in a 
solution of silver ný a red opaque precipitate of silver 
chromate is forme OF an number of the elements of the 
grey substance å ats gives a very clear and accurate pic- 
ture of the fi cellular expansions” (Cajal). This method 
showed whtgXhad never been seen before, namely the whole 
of RUNN up tothe utmost extremity of its protoplasmic 


and cydder-axial processes. It was Cajal who observed 
that sé cellular processes end freely and are not anasto- 
m with those of other cells. He found that a nervous 
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cell, with its system of processes is an individuality, a 
** neuron,’ 


’ and that nervous conductibility takes place, from 


to cell, or from neuron to neuron, by contiguity, i.e., by 
act (as in electric apparatus) and not by continuity, as 
thought before. 

Müller, Schultze and the authors of the period immediately 
eding the birth of the new methods of investigation could 


not solve the problem of the retina because they were unable 
to trace the continuity of the rod- and cone-fibres in the outer 


and 


inner molecular layers, the cellular processes being appa- 


~. rently lost in these plexiform structures. 


The progress realised by Cajal consists mainly in a bold. 


generalisation of a few facts, well observed by Golgi’s method, 


and 


in the establishment of the law of reciprocal relations 


between the nervous elements.. In fact, Cajal was able to 


take the nervous system to pieces, cell by cell, since he 
proved it to be made of independent elements with free 
terminations. ; 


The work of Cajal on the histology of the nervous system 


(1892) is actually regarded as a sort of Gospel on the subject 


of n 


ervous and retinal structure. His researches on the 


retina, following those on the structure of the nervous system, 
were not started with the preconceived idea of finding in it 
intercellular connections of the same nature as that he had 
discovered in the brain, but on the ally a to find out 


whether the retinal connections were really 
as those he had ascertained in the nervous tres. He tried 


to fi 


he same kind 


nd, in the structure of the retina confirmation of 


general laws, instead of accepting th aws as being estab- 
lished, and of applying them to th na. His conclusions, 
which have been received with favour by most modern 
histologists, are of greater v his account. 

The authors who first g a nomenclature of. the retinal 
layers did not know the real‘sAture of the anatomical elements 


cons 


descriptive terms 


nd they denoted them: by purely 
s rods and cones, granular and 


tituting these laye 


molecular layers, à merely indicate the appearance and 
not the true ae the retinal elements. 


Microscopic coun of the Retina. 


in m 


wayne 


The KQùenclature of Müller and Schultze is still given 
Noder text-books the authors of which pay, in this 
tribute to the memory of these pioneers. We give 


DAA the list of the retinal layers according to the views of 
KJ Der 
are 
A 


and Schultze together with the more scientific list 
amon y Cajal. 
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t According to Müller and Schultze, the retinal layers 
from outside inwards are: (See fig. 22.) 


(1) Pigment epithelium. 
(2) Layer of rods and cones. 
| (3) External limiting membrane. 
(4) External or outer nuclear layer. 
(5) External or outer molecular layer. 
(6) Inner or internal nuclear layer. 
(7) Inner or internal molecular layer. 
(8) Ganglionic layer. 
(9) Layer of optic nerve fibres. 
(10) Internal limiting membrane. 
The different retinal layers, according to Ramon y Cajal, 
ares 
(1) Pigment epithelium. 
(2) Layer of visual cells (rods and cones). 
(3) Layer of bodies or grains of. visual cells, corre- 
sponding to the outer nuclear layer of Müller. 
(4) External plexiform layer, corresponding to theouter 
molecular layer. 
(5) Layer of horizontal cells, occupying the outer part 
of the inner nuclear layer of Müller. 
(6) Layer of bipolar cells, corresponding to ,the inner 
granular layer. . A 
(7) Layer of amacrine cells, occupying Minner part 
of the inner nuclear layer. 
(8) Internal plexiform layer (cer plexus), corre- 
sponding to the inner molecular eNO) 
(9) Ganglionic layer. 
| (10) Layer of optic nerve fibSes. 
| The two limiting memga fe are not mentioned in 
Cajal’s list as they do not pond to true retinal layers; 
they simply mark the engegp Miller's fibres which constitute 
the framework supportifNthe nervous retinal elements. 
The two ayer {Lajas list which do not occur in 
Miiller’s are the layer of horizontal cells and the layer of | 
amacrine cells. De former is made of flattened and star- | 
shaped cells, (Bodies of which occupy the outermost part | 
of the inngéNNiclear layer whilst their greatly ramified pro- 
cesses extdd into and end in the outer molecular layer. The 
layer oheinactine cells or spongioblasts is placed in the inner 
th 


part e inner nuclear layer. As the name ‘‘amacrine’’ 
i. ee (a, privative; macros, long; inos, fibres) it has not 
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been possible to demonstrate the existence of an axis-cylinder 
in these cells(which are nevertheless regarded by Cajal astrue 
nerve cells) but they possess numerous extensively ramified 
protoplasmic processes which form a horizontal arborisation 
in the several strata of the inner nuclear layer. 

The main structure of the retina is fairly uniform though 
the foveal or macular region differs to a slight extent from 
the rest of the membrane. 
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PREPARED BY THE AND CAJAL METHOD, SHOWING THE VARIOUS 
RETINAL LAYERS AND EIR INTERCONNECTIONS. 
$ 


p p are t xagonal cells of the pigment epithelium layer. From 
their inner s e, protoplasmic filaments (not shown on the diagram) 
pass inward ween the outer segments of the rods and cones. 


Fic. 22. Ean PPEARANCE OF A SECTION OF THE RETINA 


a ge Ris with their fibres on the path of which the rod-granules or rod- 
corp Ss b are placed. Each rod-fibre ends in a terminal knob; q q are 
the Ñ ses by which the terminal knobs of the rods are connected 
phy\iologically, though not by continuity of matter, with the outer or 

Y itic processes of the bipolar cells c c. The inner processes or cylinder- 

w; Of the bipolar cells end in fine branches surrounding (though not in direct 
Òcontinuity with) the bodies of the rod ganglionic cells d d. 
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> ee are cones with their cellular bodies or cone-granules or cone- 
corpuscles f f immediately below the inner segments of the cones and level 
with the outer limiting membrane. Each of the cone-fibres g g terminates 
as a cone-foot in the outer molecular layer. Each of the cone bipolar cells 
h h is articulated, i.e., forms synapses with a cone-foot, on one hand (by 
its outer dendritic processes), and with the outer dendritic processes of a 
cone ganglionic cell 7 ¿'on the other hand. The latter articulations or 
synapses occur at different levels in the inner molecular layer. 

The axons or cylinder-axes of both rod and cone ganglionic cells are 
continued into optic nerve fibres $ R. 

m represents one of the centrifugal fibres of the optic nerve proceeding 
from the nerve centres of the cerebral cortex and passing on with the true 
optic nerve fibres to end in the inner molecular layer. 

n represents one of the supporting Miiller’s fibres forming the frame- 
work of the retina, the portion of that membrane which holds the nervous 
conductors in their position. The inner and outer ends of these fibres 
form the so-called inner and outer limiting membranes, shown in dotted 
lines. 

The pigment epithelium layer, the bacillary layer or layer of rods and 
cones, the outer molecular layer, constitute together the first visual neuron, 
entirely retinal and nourished by osmosis through the chorio-capillaris layer 
of the choroid. 

The layer of bipolar cells, or inner nuclear, or inner granular layer and 
the inner molecular layer constitute the second or intermediate visual neuron, 
entirely retinal and nourished by the capillary vessels of the retina. 

The ganglionic cell layer and the layer of optic nerve fibres form the 
third visual neuron, partly retinal, partly orbital and partly cerebral, which 
is nourished by the retinal and cerebral blood-vessels. 


The retina is, as we know, the sensitive ocular mem- 
brane, the sclerotic forming the skeleton and the choroid the 
nutritive membrane. The whole of the retina is not sensitive 
to light, the really sensitive part being made of the rods and 
cones or visual cells and of the cellular bodjea attached 
thereto. This sensitive part constitutes tl rst visual 
neuron. Outside this is the pigment epithelia, which sepa- 
rates the rest of the retina from the cho » and inside are 
the other retinal layers constitutin& the transmission 
apparatus. 

A brief description of the qQ retinal layers will þe 
found useful. 

O 


Pigment Epithelium. 


In the embryo the 
retina outside and re 


© 

ge: epithelium, which lines the 

ents the proximal lamina of the 
secondary optic vesfCl@is made of several layers of cells, but 
in the adult it is réeiced to a single layer of very regular 
hexagonal cellS@Qending from the edge of the papilla to 
the free pupil) border. Just now, we will study it as far as 
the ora seats In the human retina, the cells of the pigment 
epitheliutnere of almost regular hexagonal shape, this result- 
ing fra] an equal compression in all directions. Their 
digr varies from 12 to 18 microns, the smaller ones being 
f Ad in the macular area. ' 
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If we examine under the microscope the brown membrane 
formed by the exact juxtaposition of these cells the latter appear 
as if they were separated from each other by fine clear lines 
formed of a colourless intercellular substance (neuro-kera- 
tine); the collection of these lines constitutes a regular 
polygonal pattern, the reticular formation of Boll. 

Viewed laterally, each cell appears as prismatic hex- 
agonal, the superior part is not pigmented and contains a 
nucleus and small droplets of fat; the inferior part is loaded 
with pigment granulations and sends, between the rods and 
cones, protoplasmic filaments, also pigmented, which re- 
semble the hairs of a brush. Asalready stated, these filaments 
lengthen under the action of light and retract in the dark. 
This fact, discovered by Boll, explains why a retina which 
has been illuminated is not so easily separated from the 
choroid as one which has been kept in the dark. The 
researches of Angeluci and Renaut have shown that during 
the action of light there is not only an increase in the length 
of the filaments extending from the inner surfaces of the cells 
of the hexagonal epithelium, but also a migration of the 
pigment from the bodies of the cells along the filaments 
themselves. It seems that under the influence of light the 
particles of pigment are propelled along the filaments so as 
to envelop the external segment of each rod or cone in a sort 
of pigmentary sheath. In the dark, not only do the filaments 
themselves retract, but the pigment which had been accumu- 
lated in them during the action of light res back and 
returns to the bodies of the cells. This is ently a process 
the purpose of which is to protect Qh ercipient retinal 
elements against the action of a stro ight. 

The filaments of the pigment elium cells are much 
more developed in fishes, ampft reptiles and birds than 
in the human eye. Accor 0 Schultze, they exist in 
albino eyes and in the porti orresponding to the tapetum 
of mammals (in which the retinal epithelium is poor in pig- 
ment) but then they deprived, either absolutely or 
relatively, of pigm @ grains. The pigmentary granula- 
tions contained in ase of the hexagonal cells and in the 
processes or filgm@rts of these cells have, in the human eye, 
a spherical shape“and are 1 to 5 microns in diameter. Kuhne 
has isolate retinal pigment (fuchsine) and has found it 


different the choroidal pigment or melanine. The former 
is ha affected by chemical reagents but when removed 
from cells of the epithelium it is very sensitive to the 


gent of light which destroys its coloration. It is not 
pxdbabl 


e that light produces a similar discoloration in the 
T of the living retina. The oil droplets contained in 
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the non-pigmented part of the hexagonal cells seem to be 
more abundant in nocturnal animals (owl) than in man. 


Sensitive Part of the Retina. 


The sensitive part of the retina is made of two separate 
layers: the most external one is that of the rods and cones, 


-the other is the outer nuclear layer. Between the two is the 


so-called external or outer limiting membrane which is not 
really a retinal layer but simply marks the position of the 
external ends of the fibres (Miiller’s fibres) forming the sup- 
porting tissue of the retina. In fact, the two layers (or the 
three if we include the limiting membrane) are composed of 
a collection of single neurons, the first visual neurons, the 
cellular parts of which (i.e., the rod- or the cone-granules) 
are most internal and the rods and cones (i.e., protoplasmic 
processes differentiated for a sensorial function of the greatest 
importance), form. the most external part. 

In most retinæ, the sensory epithelium is made of two 
varieties of cells placed side by side and characterised as 
visual cells by the presence at their free poles (which are 
turned toward the pigment epithelium) of special proto- 
plasmic processes, more or less filiform and apt to receive 
the shock of the luminous vibrations on their points. The 
two varieties of visual cells are the rod-cells and the cone- 
cells (A223): 

Each visual cell includes : (1) a rod or a cone; 
which is thick in the case of a cone and thin in 
rod. On the path of the fibre, we find a cellul 
granule or rod-granule) from which the cyli 
to end freely in the outer molecular laye 
form layer. The limit between the rod cone proper and 
the rest of the visual cell is exactly, xed by the external 
limiting membrane, and it is e k external to that mem- 


external plexi- 


brane which is described as the r of rods and cones. 
The rods are thin, elong tructures, the dimensions 
of which vary in different es. They are made of two 
segments: the external og vitreous in appearance and 
of geometric form; the į ie is of protoplasmic nature and 
its form depends on ateral pressure of the neighbouring 
elements. In man total length of the rods varies in dif- 
Terent panis alt rbout 60 microns near the posterior pole 
and diminish tadually to 40 microns at the ora serrata. 
The thickngsXof the external segment is 1.5 to 2 microns. 
The SS are shorter except at the fovea where they 
bcome Oo. or less rod-like. Their length is about 25 to 30 
micr They are thicker at the inner end or base (6 
nig and are terminated externally by a finer tapering 


i’ 
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portion. Both rods and cones are closely set in a palisade- 
like manner over the whole extent of the retina between the 
internal limiting membrane and the pigment epithelium. 
The rods and cones, though differing in size and shape, 
| agree in many points of structure. Thus each consists of 
two distinct segments, an inner one and an outer one, the 
| division between the two occurring, in the case of the rods, 
| about the middle of their length (in man); in the case of the 
i 
| 


cones, at the junction of the finer tapering end-piece with the 
broader basal part. It follows that whilst the inner and outer 
| segments of the rods are practically similar in shape and size, 
| the inner one being, however, slightly bulged, the inner 
| segment of a cone far exceeds the outer one in size, the latter 


(outer segment) appearing merely as an appendage of the 
inner segment. 


FIG. 23. VISUAL CELLS OF THE 
Human RETINA. (Diagrammatic view ; 
magnification about 1,000 diameters) 
(after Greef). 

A. Rod-cell. a, external or outer 
segment of a rod, transparent, and 
appearing as if made up of piled up 
discs; it does not readily take vegetal 
or animal stains like hematoxylin or 
carmine and is not, therefore, of 
protoplasmic nature. b, Internal or 
inner segment of the same rod; it 
is transparent during life and becomes 
granular after death; it is of proto- 
plasmic nature, a own by the fact 


= o 


I that it is stai ink by carmine. 
IN Between a b, we find what is 
i z called by r the intercalar body 
il SENTER a RERE j DCG ANni the rod-fibre, thin 
| n xi and jònally varicose, with its 
IN termja nob e. On the path of the 

y We is the cellular body d of 


ke) Oti-cell (or rod-granule or rod- 
X cofpuscle) with its nucleus. 
O B. Cone-cell. a and b outer and 
inner segments of a cone corresponding 
to the similar parts of the rod-cell; 
they are variations of a same typical 
element. The cones are generally 
shorter and their inner segment is 
thicker than that of a rod except in 
amphibians in which the rods are 
enormously developed. The structure 
of the outer segment a of a cone is 
similar to that of the corresponding 
part of a rod. At the base of the 
inner segment b of a cone is what is 
called the myoid m which plays a 
il part in the contraction of the cone; 
| E cA the cone-fibre thicker than the rod-fibre; e is the terminal cone-foot. 
Q: case of a cone-fibre, the cellular body or cone-granule or cone-corpuscle 
Ò with its nucleus) is immediately below the end of the inner segment; the 


| È ine n n represents the outer limiting membrane. 
| 
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The two segments of both rods and cones exhibit 
marked differences in their chemical and optical properties 
as well as in their structural appearance. In both rods and 
cones, the outer segment is doubly refracting while the inner 
one is singly refracting. Most stains (carmine, iodine, etc.) 
are taken by the inner segment but the outer segment is not 
coloured by these reagents. It is, however, stained greenish- 
brown by osmic acid. 

The outer segment in both rods and cones shows a 
tendency to break up into a number of minute superimposed 
discs. It does so in a series of liquids such as aqueous fluid, 
artificial serum and especially in a 10% solution of sodium 
chloride. This evidently shows that the outer segment of the 
rod or the cone is made of a pile of discs which, in the fresh 
state, are united by a cement-like substance. It is curious 
to observe that whilst the outer segment is highly transparent 
laterally (in the fresh state), it forms, along its axis, a kind 
of reflecting surface, the purpose of which is perhaps to stop 
the luminous vibrations and to transform them into visual 
nervous impulses. 

Beside the transversal striation already mentioned, a 
powerful microscope shows fine longitudinal markings or 
grooves on the outer segments of the rods. The ends of the 
outer segments of the rods are rounded and project into the 
pigment epithelium. The purplish-red colour of the retina 
resides entirely in the outer segments of the et A few 
rods are, however, of green colour, at least io» ne animal 


species. & 

The outer segments of the cones t gradually to a 
blunt point; they do not show the SO itidinal grooves 
observed in the corresponding parts e rods but the trans- 
versal markings are even more eK . There is a delicate 
covering of neuro-keratine mO 
of both the rods and cones, this is more pronounced in 
the cones, so that the post- em separation into discs does 


not take place so read 0i e cones as in the rods. 


Visual Purple. O 

The externalgsegments of the rods often show a red or 
green colorati Wthough some rods are colourless. Boll, 
having obseg Phat the retina is red in animals kept in the 
dark, fo What this coloration is restricted to the external 
segmen the rods, and that it is never present in the 
con ‘his property of the retina, to become red in the 
da Be) to be discoloured inthe light, belongs to the lamellar 
ance of the outer segments of the rods: it follows that 


x% 


ng the outer segments. 
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| the red colour will be more marked in retinæ rich in rods and 
| will not occur in retinæ which are rodless, like those of most 
gi reptiles. 

i As far back as 1866, long before the discovery of the 
visual purple, Kuhne had observed: (1) that the retina of 
i i diurnal birds is rich in cones, whereas that of nocturnal 
ii birds contains a greater proportion of rods; (2) that the more 
t nocturnal the habits of an animal are, the longer the external 
| segments of the rods in its retina; (3) that there are, in 

| the retinæ of diurnal birds, drops or droplets of a fatty sub- 
i stance, strongly coloured, and occurring exclusively in the 

cones, and that the similar drops in nocturnal birds are 
i | colourless or at least pale yellow. 
| Kuhne had also observed the red colour of the rods of 
| the owl but he did not understand the value of the fact at 
| 
| 


the time. When the discovery of Boll was published, Kuhne 


immediately thought there must be some antagonism between 
| the presence of the purple which is destroyed by light and 
gi that of the fatty drops with a fixed coloration. He came to 
1 the conclusion that the latter constituted a means of perma- 
i i nent absorption of coloured light. He saw that the retina 
1) of the hen and the pigeon, very rich in coloured drops, does 
| not show any trace of purple, whereas a fine red colour, 
; i fading in the light, is found in the retina of the owl. 

| 


e. Animals 
those birds 
occurs, have no 
tiles, most of which 


| (owl, rat, etc.) possess a very abundant 


| To sum up, nocturnal, or rather, ant Be vertebrates 


i 
| 
| 
| of exclusively diurnal habits, as the he 
a which take shelter as soon as the crept 


| purple at all. This is also the case fo 

| are only active in the sun; noctur eptiles, the gecko for 
p instance, have rods only in th tinæ and therefore have 
i visual purple. Those animal¢ which, though chiefly diurnal, 
| are not deprived of ee Us vision (and this is the case 
| for man) possess retinal rpyple but not in such abundance as 
g true nocturnal beings. S 
| Though o% purple is a proof of exclusively 
p diurnal vision, thg sence of purple does not necessarily 
i: imply that of r€dy~ There are rods which do not exhibit any 


| purple; va of the hen or the pigeon does not show 
| 


any colora after a long stay in the dark; yet it possesses 


a certaingy ber of rods which, therefore, must be deprived 
Hit of PN the fact has been verified by microscopical exami- 


f such retinæ in the fresh state; the rods were found 


i nat 
I esyurely colourless. ; 
i The retinæ of the various kinds of bats alsoshow purple- 


II one rods but it must be observed that these animals are all 
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microphthalmic; their eyes are in a state of arrested develop- 
ment and the destruction of these organs does not prevent 
the animal from moving about in perfect security. It is not 
astonishing, therefore, to find that the purple is absent since 
the visual function only exists in a rudimentary form. 

In the human eye, the purple is absent in a retinal zone 
of 3 to 4 mms. behind the ora serrata, and of course in the 
fovea which is made of cones only. 

-These considerations show that the visual purple does 
not play an essential part in all circumstances, but that it is 
necessary for nocturnal vision. The purple renders the eye 
more sensitive to low illumination, and the organs which 
contain it, the external segments of the rods, are the organs 
of vision in low illumination. According to Parinaud, 
acquired hemeralopia is caused by an arrest in the produc- 
tion of purple. 

The visual purple seems to be secreted by the pigment 
epithelium since it has been found by Kuhne that on the 
part corresponding to an artificial detachment in the frog the 
purple is still regenerated. The experiment is even successful 
on a frog’s eye freshly enucleated : the regeneration of purple 
goes on for a time. Tf, however, a solid body is introduced 
betw een the retina proper and the pigment epithelium, the 
rods remain colourless in the dark. How the purple is pro- 
duced by the epithelium is not known. The pigment has 
evidently nothing to do in the matter since the purple is 
found in the retina of albinoes and in the p Y of the 
retina of carnivorous animals corresponding O e tapetum, 
i.e. in a region in which the epithelium Qe ery poor in 
pigment, if not absolutely deprived of i. 

Amongst the purple coloured rod he frog’s retina, 
Boll has observed rods of a green sł fhich are discoloured 
by light, though more slowly thay e purple ones. Some 
authors think that the green coldly does not really exist and 
is but an effect of contrast v it red colour of the sur- 
rounding part: the so- “alla een rods would, according to 
them, be colourless. er is not elucidated. 

In diurnal birds y reptiles and some amphibians, 
some of the cones cQntpin bodies or drops of an oily appear- 
ance variously co Go in red, yellow, green and even blue. 


These ee sent in mammals and in man; they are 


also absent „i es, ee the sturgeon. Nocturnal birds, 
with few how only a small number of these bodies, 
coloure Xo The coloured body occurs in the inner 
Temes ear the junction with the outer one. It occupies 
th e diameter of the segment, so that light must neces- 
oo pass through it. All cones are not provided with 
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coloured bodies. -The colour of these bodies is not modified 
by light: in fact the presence of coloured bodies is, to a 
great extent, antagonistic to that of the purple: the coloured 
bodies predominate in animals of purely diurnal habits while 
they are absent or little developed in crepuscular beings. 


Contractility of Retinal Cones. 


Van Genderen Stort found that the cones contract under 
the action of light and retract in the dark. It is the proto- 
plasmic part of the internal segment or more exactly the 
portion of the outer segment that rests on the outer limiting 
membrane which contracts and retracts. For this reason, 
this portion is called the myoid of the cone. There seem to 
be contractile and non-contractile cones. This contractility 
to light, in an element adapted to luminous perception, may 
exist in other anatomical elements. In any case, it is not 
an essential condition for vision since it takes time to occur. 


Repartition of Rods and Cones in the Retina. 

The repartition of the rods and cones in the human 
retina is of interest. On a fresh retina, examined by its 
external surface or, better still, on Jacob’s membrane isolated 
by maceration, the rods appear in the form of small circles, 
the cones as darker and larger circles, owing to the larger 
diameter of the internal segment. It is, therefore, possible to 
ascertain the relative distribution of these elements. At the 
fovea and within an area of 0.5 to 0.8 mms. rpd it, there are 
cones only, a few rods appearing at th phery of the 
minuscule region considered. (The g ct will be taken 
again in the study of the foveal p In the immediate 
neighbourhood of the above area Xh cone is surrounded 
by a row of rods, but beyond tly d not farther than 1.2 to 
1.5 mms. from the foveal cegtryAhe cones become more dis- 
tant and separated from eaehroiher by two to four rows of 
rods. The proportion of,gous increases up to the neighbour- 
hood of the ora seriatag bo, the number of rods diminishes 
abruptly, that of NC es remaining the same: hence the 
existence of lacun Ņ ween the cones. According to Krause, 
there are 130 regen rods and 7 million cones in the human 
retina. 

The nGPdrtion of rods and cones in animals is not 
a generi i. but a character of adaptation. It varies 


with abits of life, with visual adaptation (diurnal, mixed 
or ee tirnal) and not with the zoological class or order of the 


al. 
Amongst fishes, some are very rich in cones, some in 


nde. there must be, of course, a great difference between 
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fishes. living near the surface and those living in depths in if 
which very little light can penetrate. Diurnal birds have i 
more cones than rods whereas in nocturnal ones, the rods | 
predominate. | 
In fact, it seems well established that the rods predomi- | 
nate and increase in length in animals with nocturnal vision. i 
In diurnal animals, the cones become abundantly intermixed | 
with the rods and in diurnals deprived of crepuscular vision, ii 
they predominate or even exist by themselves, without any | 
rods. The conclusion is that the rods are the elements ii 
capable of adapting themselves to crepuscular vision by the 
presence of the purple, whereas such an adaptation is impos- 
sible in the case of the cones which can only perceive high i 
degrees of illumination. We must not conclude, however, 
that the rods cannot serve to diurnal vision: many night 
birds, when adapted, see very well in daylight; we do not | 
know, it is true, to what extent they can see colours. 1] 
The law of Schultze, completed by the law of Kuhne, | 
sums up the matter. In the retinz of nocturnal animals the i 
rods predominate and assume an unusual length (Schultze). t 
The visual purple is developed in proportion to the develop- i 
ment of crepuscular vision; it is entirely absent in animals | 
deprived of crepuscular vision (Kuhne). 
l 
l 
4 


The so-called external limiting membrane, as we have 
already pointed out, is formed’ by the terminal spreading of 
Miiller’s fibres. We only mention it from the topographic 
point of view, as it is not a continuous s'on SRN On sec- M 


SS SS 


tions it appears as a thin transversal line on w the inner 
segments of the rods and cones rest by & t bases; it | 
separates them from the rest of the vitug ells. 


Outer Nuclear or Outer Granular Layer. Q 
The principal elements of the Qs differ in the case 


of the cone-cells and in that of t od-cells. The bodies or 
granules of the rod-cells KA nules) are, in most parts . 


of the retina, more numerou n the cone-granules. They 
can be regarded as AN ts or swellings in the course 
of delicate fibres whic tend from the inner ends of the 
rods (at the external Tiping membrane) through the thick- | 
ness of the ee e outer molecular layer or plexiform 
layer. The bod’ granule of each rod is situated at a | 
different part Np course of the corresponding fibre, so | 
that on a g@eNon, the rod-granules appear to occupy the il 
whole thi ss of the layer. A rod-granule never rests on | 
the ANOT of the molecular layer, so that there is 
alw ore or less long segment of fibres between the rod- ji 
graghyles and the molecular layer. | 
R 
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Each rod-granule shows, in the fresh condition, a remark- 
able cross striped appearance, the strongly refracting sub- 
stance which mainly composes the granule being interrupted 
by bands of clear, less refracting material. Each rod-fibre 
is continuous at the outer end with one of the rods, and at 
the inner end it terminates in the superior strata of the outer 
| molecular layer, by a knob, in the case of mammals, noc- 
| turnal birds and fishes, or in a small protoplasmic mass from 
which fine fibrils end freely in the molecular layer in the case 
of amphibians, reptiles and diurnal birds. 

The cone-granules (fewer in number than the rod- 
granules) are distinguished from the latter by the absence of 
striation and by the fact that (except at the fovea, as we shall 
see presently) they occupy the part of the outer nuclear 
layer nearest to the external limiting membrane. The cone- 
fibre is much thicker than the rod-fibre and its extremity rests 
on the surface of the outer molecular layer by a somewhat 
pyramidal base termed the cone-foot. 

As already mentioned, the first visual neuron is formed 
of the sensorial epithelium, i.e., of the rods and cones with 
their fibres and granules or bodies. This neuron is not vas- 
cularised but is nourished by diffusion of nutritive plasma 
derived from the chorio-capillaris layer of the choroid. In 
other words, the choroid nourishes by osmosis the pigment- 
epithelium and the external part of the retina. 


The Outer Molecular Layer or External Plexiform Kayer. 


This is a tenuous layer, fibrillar in rance, gene- 
rally free from cellular elements and i Qhich the ordinary 
methods of coloration show that th minal knobs of the 
rods and the feet of the cones, o Or one hand, and the 
outer processes of the bipolar , on the other, are lost. 
The method of Golgi has en ajal to ascertain that the 
outer molecular layer is th tie of articulation of the feet 


li of the visual cells (terminal ‘fobs of rods and cone-feet) with 
i the outer protoplasmic PeP aa of the bipolar cells. In 
Hi the external part igh layer, the terminal knobs of the 
IN rod-fibres are sud ded by the fine ramifications of the 
| outer processe e rod-bipolar cells. In the internal part, 
the cone-feet segad in front of flattened arborisations of the 


Hi cone-bipolaeGells. Müller’s fibres form the support of the 
elements. @this layer by means of finely ramified fibrillz. 


Hi | Inne NQOiular Layer. 
il | N 


e term is used here in its topographic sense to denote 


IN 
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The bipolar cells are the most numerous and the most 
important elements of the layer. Each cell possesses two pro- 
cesses, generally extending radially (occasionally obliquely, 
as in the case of some reptiles) from the outer to the inner 
molecular layer. In mammals, Cajal describes three kinds 
of bipolar cells: (1) the rod-bipolar cell with outer arborisa- 
tion articulated with the terminal knob of a rod; (2) the cone- 
bipolar cell, the outer arborisation of which is flattened and 
articulated with a cone-foot; (3) the giant bipolar cell with 
a greatly extended terminal arborisation probably also con- 
nected with a cone. 

The bodies of the rod-bipolar cells may occupy any posi- 
tion within the layer; their outer processes, very fine and 
very numerous, spring from a single trunk or from separate 
ones and within the angles formed by their terminal arbori- 
sations, a various number of rod-knobs are placed (15 to 20 
for large cells; 3 to 4 for small ones). 

The bodies of the cone-bipolar cells are almost always 
near the outer molecular layer; their flattened ascending 
arborisations extend on a much larger horizontal surface than 
those of the previous kind of cells and form a thick plexus 
immediately in front of the feet of the cone-fibres. 

The giant bipolar cells answer fairly well to the same 
description as that of a cone-bipolar cell except that their 
bodies are of larger size and that the arborisations from the 
outer pole also extend on a larger surface. Thesggells seem 
to be chiefly connected with cones. 

In the three kinds of bipolar cells, th cesses from 
the inner pole are similar; they branch edhe tenon 
which penetrate into the inner molecu ayer where they 
become articulated with the outer WOndritic processes of 
the ganglionic cells. O 

From the brief description ae given, it appears that 
the bipolar cells are elements of *éduction inasmuch as they 
transmit to a single gangli cell the impressions received 
by a number of rods or os (except at the fovea, as we 
shall see presently). WS 

The layer descy iy Cajal as layer of horizontal cells 


j occupies the outer t of the inner granular layer. The 

Ichief elements ax@tar-shaped cells, the axons of which are 

|directed towa Q 

jround the téxNinal knobs of the rods. The descending 
dendritic Yesos, highly arborised, are lost in the inner 

| molecu ayer. 


he outer molecular layer where they end 


The purpose of these cells is not fully 


jelugit@ve . As we shall see presently these cells seem to 
Icognect the rods and cones. 
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Another layer described by Cajal, which is also a part 
of the inner nuclear layer of Miiller and Schultze, is the 
layer of amacrine cells (cells without a cylinder-axis or axon : 
unipolar cells of Ranvier). These cells are more voluminous, 
as a rule, than the bipolar cells; they are coloured more 
strongly with carmine or hematoxylin. They form a row (a 
special layer according to Cajal) just in contact with the 
inner molecular layer into which their inner processes pass 
and articulate with the outer processes of the ganglionic 
cells. The purpose of these cells is not completely elucidated. 


Inner Molecular Layer or Inner Plexiform Layer. 


With the ordinary methods of fixation (bichromate of 
potash ; osmic acid) this layer appears as finely granular and, 
with high powers, it looks like a felt-work without cellular 
elements. The researches of Cajal have made it clear that it 
forms the zone of articulation of the bipolar cells and ama- 
crine cells on one hand and the ganglionic cells on the other. 


Ganglionic Cell Layer or Layer of Multipolar Cells. 


The chief elements of this layer are the ganglionic cells 
or cells of origin of the optic nerve fibres. It also contains 
spider-cells of neurogliar nature and disseminated amacrine 
cells. These elements are kept in their proper relations by 
Miiller’s fibres which are very apparent at this level. The 
layer thus formed is placed between the inner molecular layer 
and that of the optic nerve fibres. The la is very thin 
near the ora serrata, so that the ganglioni s’almost touch 
the internal limiting membrane in thart; it becomes 
thicker towards the papilla. The Mionic cells form a` 
single row in which they are exactly xXtaposed in the central 
part of the fundus and become ania and more distant from 
each other as the ora serrate Approached. Towards the 
edge of the fovea, the cells a Ko radratiy massed so as to form 
as many as 6 to IO sup Ao i strata on the projecting 


border of the foveal pit, reason for this arrangement will 
be made clear when tudy the retinal structure in the 
macular area. 


The size Cf? ganglionic cells varies in man from 10 
to 30 microns. 1e smallest are found near the fovea; the 


largest near’. ora serrata. The ganglionic cells are typical 
multipol © s similar to those found in the grey matter of 
the nek centres; their dendritic processes are arborised 


in thQWiner plexiform or molecular layer where they articu- 
La the inner processes of the bipolar cells; their 

er-axis processes, which are never ramified, are con- 
Opected with the optic nerve fibres. 
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Optic Nerve Fibre Layer. 

This layer is essentially made of the cylinder-axis pro- 
cesses of the ganglionic cells. These processes, coming from 
every point of the retina, converge toward the papilla, form- 
ing themselves into more and more voluminous bundles. 
These bundles are supported by the feet of Miiller’s fibresand i 
by neurogliar spider-cells. The bundles of fibres are thin at iW 
the periphery and increase in size towards the papilla by 
the addition of new fibres coming from the subjacent gang- 
lionic cells. | 

The fibres born of the macular ganglionic cells form two 
separate systems : (a) a fine loose bundle at the bottom of the 
foveal depression and extending in straight lines towards | 
the papilla; (b) a kind of perimacular ring from which two il 
arched bundles, one above, the other below the fovea, are 
also directed towards the papilla. Thus the whole of the 
fibres proceeding from the macular area constitute a sort of 
fan-shaped radiation, the apex of which is at the papilla; 
these fibres constitute what is termed the papillo-macular 
bundle. The bundles from the rest of the retina are all 
converging towards the papilla. The fibres which reach the 
nasal side of the papilla have an exactly radial direction; 
those which reach the temporal side arch round the papillo- 
macular bundle, forming curves concentric to the macula. 
Those in the neighbourhood of the horizontal meridian are 
at first directed towards the macular, but as TA reach a 
point 3 to 4 mms. from the macular edge, the Ku n above 
and below the papillo-macular bundle. N 

The fibres which form the various bu of the optic | 
nerve fibre layer originate, as stated g now, from the l 
axons of the ganglionic cells and are these cells them- 
selves, :of different sizes; some a extremely, almost I 
incommensurable, minuteness; sémie, the stoutest, have a | 
diameter of 3 to 5 microns. | 

In man and most verteb@jes, the fibres remain naked 
and reduced to their axi @Oynders in the retina and the 
papilla, It is only at sterior surface of the lamina 
cribosathat they simult usly acquire their myeline sheaths. 
In the rabbit and t Oat, some of the retinal fibres have a | 
myeline sheath a) the appearance, with the ophthalmo- | 
scope, is RO ansversal, white, brilliant patch on either | 
side of the . A similar appearance is observed | 
SEE SS he human fundus as an abnormality of i 


develop 
VA- called internal or inner limiting membrane appears rH 
eons as a fine line separating the retina from the | 


on Fil 
spires. It really belongs to the retina and is independent i 
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from the hyaloid, on which it is simply applied. It is not 
difficult to inject a liquid between the two, and many reagents 
permit an easy separation of the two membranes. 

Though the limiting membrane appears continuous and 
homogeneous on a section it is not, however, an isolable 
membrane. It is simply the mosaic formed by the exact 
juxtaposition of the feet of Müller’s fibres. It follows that 
the membrane does not really exist, any more than the 
external or outer limiting membrane. If the retina is 
impregnated with a 3% solution of silver nitrate, the vitreous 
and the hyaloid being carefully removed, and is placed, 
internal surface upwards on a slide, the limiting surface 
appears as a pavement of polygonal elements, separated by 
black lines, the polygons being formed by the broad feet 
of Miiller’s supporting fibres, cemented by an intercellular 
substance similar to that found in endothelium. The limiting 
membrane is absent in the part corresponding to the papilla, 
a region in which Miiller’s fibres do not exist. 


Miiller’s Fibres. 


Miiller’s fibres, forming the framework of the retina, 
resemble the long neurogliar cells, which, in the embryo of 
vertebratesextend through the whole of the nervous centres, 
from the ependyme or central cavity to the external surface. 
Miiller’s fibres may be regarded as a modified form of 


neuroglia.: 

They consist (see fig. 22) of long cel elected perpen- 
dicularly from one limiting membrane G he other, like 
pillars connecting the floor of a room the ceiling. They 
begin at the inner surface of the ete by a broad conical 
foot or base which may be fork e bases of adjoining 
fibres are united together at edges so as to give, in 
vertical sections of the fee € appearance of a boundary 
line, termed the internal li g membrane. 

The Miillerian fibi páss through the layer of optic 
nerve fibres and the g@@iionic layer, either with a smooth 
contour, or with EM tres well marked lateral projec- 
tions. Diminishima size, they pass through the inner mole- 
cular layer ane inner granular or nuclear layer. In the 
latter, each y is characterised by the presence of a clear, 
oval nucl ituated on the side of, and in close adherence 
to, OR which it belongs. On reaching the outer 
nuc yer, after having passed through the outer molecu- 
lar N the fibres break up into fibrils and thin lamellæ, 
eatin this form they pass outwards through the layer, 

ween the granules and the rod- and cone-fibres, enclosing 


Orhese structures and forming partial sheaths for them. At 
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the level of the bases of the rods and cones the numerous 
offsets terminate abruptly along a definite line which marks 
the boundary between the outer nuclear layer and the layer 
of rods and cones, which has been termed the outer or 
external limiting membrane. 

The above description shows that neither the outer nor 
the inner limiting membrane is a continuous, isolable layer : 
in fact, some of the finer fibrillar offsets of the Miiller’s 
fibres pass a short distance beyond the so-called outer limit- 
ing membrane and closely invest the bases of the inner 
segments of the rods and cones. 

According to Cajal, not only do Miiller’s fibres serve 
to form the support of the nervous elements of the retina, 
but they also play a similar part to that of the insulating 
material in an electrical apparatus: they prevent the diffusion 
of the current of nervous impulses. 


Special Structure of the Macular Area. 


We have said just now that the structure of the retinal 
macular area, though similar in many respects to that of 
the rest of the retina, yet differs in a way which is calculated 
to improve the working condition of this most important 
region. In most text-books, the term fovea applies to the 
minute punctiform depression at the centre of the yellow 
spot or macula lutea. This pit was at first thought to be a 
real hole (foramen centrale) and later on, to be a blind hole 
(foramen coecum). There is now a tendency t evi this 
nomenclature which, however, is still freque sed. 

- A careful microscopic examination of ction of the 
retina shows that the central depression@sNnot localised to 
the old fovea: the latter forms merely ottom of a more 
extended depression with a slightl jecting edge. This 
concave and shallow depression, g n shape, measures on 
an average 1.7 mms. along its A axis (horizontal). On 
the other hand, Müller ha und that the transversal 
diameter of the yellow s oi. acula lutea was about 
2 mms. It follows thą Qy- ellow colour is present in the 
whole of the concave ssion and perhaps a little beyond 
it. The term fovef, plied to the whole of the concave 
depression, is pręfèeble to that of macula lutea since the 
coloration is on isible on a retina examined flat; beside, 
it is a more {bral term since it applies to a constant con- 
figuratio ulting from special histologic modifications. 

N in what follows, the term ‘‘fovea’’ will be 
used te\denote the whole of the central fossa of the retina, 
th Wt which corresponds to the oval surface, seen sur- 
sy by a bright ring when a young subject is examined 
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with the ophthalmoscope. Thus defined, the fovea is a 
slight depression the edge of which slightly projects on the 
surrounding retina. It has a concave surface and a central 
depression, the bottom of which, termed the fundus of the 
fovea (fundus fovez), corresponds to the old foramen coecum 
or to the fovea in the strict sense of the term. Measurements 
taken by Dimmer on good sections have shown that the 
diameter of the fovea varies from 1.4 to 2 mms. the average 
value being 1.7 mms. The diameter of the fundus fovez 
is 0.2 too.4 mms. At the bottom of the fovea, the retina is 
thinner than elsewhere and only measures from 75 to 120 
microns in thickness. On the edge, there is a greater thick- 
ening on the nasal than on the temporal side: (275 to 410 
microns on,the nasal side and 220 to 350 on the temporal 
side). Schultze and Krause, who were amongst the first to 
study the retina systematically, described the foveal border as 
more projecting than it really is. They used defective 
methods of fixation and, owing to this, the fovea apparently 
gained in thickness at the expense of its area. More recent 
researches, on retinz well fixed by vapours of osmic acid, 
have shown that the border of the fovea is really little pro- 
jecting, and that the feeble concavity of the surface exactly 
corresponds to the ophthalmoscopic reflexes. 

The ophthalmoscope and the examination of the retina 
with the naked eye or with a magnifying glass show that 
the pigment epithelium is particularly dark on the part corre- 
sponding to the fovea. There the hexagonal eels are smaller 
(12 instead of 16 to 18 microns) and more fgeply pigmented 
than in the rest of the layer. Their py lasmic filaments 
penetrate also more deeply between foveal cones than 
between the cones and rods in the 5 


f the retina. 

A microscopic examinationfsays that the proportion of 
cones increases towards the ef , that this increase con- 
tinues within the foveal ar nd that, in the central part, 
there are cones only and pods The foveal cones differ 
from those of the rest retina: they are thinner and so 


much more compr gether that they become hexag- 
onal. It follows t a greater number of cone-ends occurs 
in the unit of of the fovea than in any other retinal 


region. Accordfg to Schultze, this modification occurs in 
a small regt €0(200 microns in diameter) round the centre of 
the fove is fact agrees fairly well with Dimmer’s mea- 
surem the fundus foveæ (0.4 to 0.2 mms.) Whilst 
they ome thinner, the foveal cones also become longer. 
The\fact that the foveal cones are thinner and more closely 
pedk d than those of the rest of the retina explains the higher 


Opeuity of this part of the fundus. 
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The other retinal layers all diminish in thickness at 
the fovea or, more exactly, they are rejected obliquely 
towards the periphery, so that, at the bottom of the foveal 
depression, there is little more than the first visual neuron, 
that is the layer of cones and the outer granular layer. 

It must be observed that the ganglionic layer undergoes 
striking changes in the foveal region. Whereas it is made 
of a single row of cells in the rest of the retina, it becomes 
thicker at the projecting edge of the fovea and contains from tt 
6 to 10 strata of superimposed cells. This increase in the 
number of ganglionic cells had been observed by Miiller who l| 
concluded that the nearer one approached the axis of the eye, | 
the smaller was the number of percipient elements con- ii 
nected with a ganglionic cell and an optic nerve fibre. In ; || 
fact, he foresaw the individual conductibility in the foveal i 
region, though he was unable to prove it. i 

To resume, the fovea is a region in which cones only |: 

` occur: these are very thin and compressed together, especi- Hi 
ally at the centre of the region. The special arrangment of | 
the cone-granules in several strata is a consequence of the | 
increase in the number of cones in the unit area. Since the ij, 
foveal cones are thin and rod-like, and in order that a great it 


number of them may be packed in this area of most acute i| 
vision, it is clear that their granules, or cellular bodies, ifl 
cannot all be immediatély adjacent to the inner segments i 
of the cones themselves. This explains why, in mY foveal ii 
region, the cone-granules occupy various posig@Qn§ in the jil 
outer granular layer, exactly as in the case the rod- | 


granules in the rest of the retina. MoreovekNin the foveal | 
region, each bipolar cell is connected yey a single cone- . 
granule and not with several as in ON parts: hence a 

necessary increase in the thickness o(?) inner granular and ji 
of the ganglionic layers; but the &hitKening of these layers j 
would prevent light from easily hing the percipient ele- j| 
ments; the existence of the føyea, i.e., of a depression in 
which the inner retinal la Sy are shifted aside, gives the 
required thinness and t arency. 

Only man and th hest apes have a true fovea; in | 
most vertebrates (ex shes) the retina presents an ‘‘area’’ | 
which is a thicken Ortion where the histologic disposition 
is somewhat sim to that observed in the macula of the || 
human retiņą where visual acuity has probably the | 
highest AR here is an increase in the thickness of the i 
outer granwr layer and of the ganglionic layer and, at the 


same. tim, the percipient elements are more closely packed. 
A cal to assume that, owing to the process of gradual 


It 
evd{ition, the area would become too thick for the proper 
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working of this part and that the formation of the foveal 
depression is intended to supply the necessary thinness and 
transparency. This seems to be proved by the fact that in 
the human embryo, there is only an ‘‘area’’ up to the sixth 
month when the fovea begins to appear. Considering what 
has been said it is clear that the fovea may be regarded as 
an area which has become depressed in view of a more 
perfect performance of its function. 

The area does not always occupy the centre of the 
retina. Thus, in the dog, it is a little above and on the 
temporal side of the papilla: it is therefore very externally 
placed, since the dog’s papilla is on the temporal side of the 
posterior pole. 

In the fundus of the horse, the vascularised part of the 
retina extends but a short distance round the papilla. Imme- 
diately above the papilla the area is seen in the form of a 
transversal light band which is the inferior limit of the 
tapetum. y 


The Retinal Neurons. 


To complete our study of the minute structure of the 
retina, we must say a few words on the subject of the inter- 
connection of the retinal elements. We have already stated 
that there is no direct anatomical or structural continuity 
of the several retinal layers. As with the other parts of the 
nervous system, the nerve-elements of the retina are isolated 
units merely coming into connection with ao by the 
interlacement or contiguity of their arbates ent processes, 
and not by direct continuity. Q 

In the case of cones, the cone Yes end in flattened 
expansions or cone-feet from whi ne processes extend in 
the outer molecular layer. I lately opposite these pro- 
cesses, but not in actual cgn ity, lie the outer processes 
of a bipolar cell. The innextend of the bipolar cell processes 
terminates in expandin anches in the inner molecular 
layer where it articul ith the dendrons of a ganglionic 
cell. The axon oft ell is, on the other hand, connected 
with an optic nery 

In the ca 12) rod, the rod-fibre ends in a knob in the 
most external ‘part of the outer nuclear layer: this knob is 
surroundetk@gy the arborescent processes from the outer 
pole of Okar cell while the process from the inner pole 
of thé terminates in arborisations surrounding the body 

ionic cell. The axon of the ganglionic cell is con- 


tiajous with an optic nerve fibre. 
hO) Thus, rods and cones are brought into relationship with 


Ò the optic nerve fibres. The path of connection shows two 
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breaks or, as they are usually termed, two synapses in the 
structural continuity. In the case of a rod, these breaks 
occur in the outer molecular layer and in the ganglionic layer 
respectively. In the case of a cone, in the outer and the 
inner molecular layers. It must be well understood that 
these structural breaks or synapses do not prevent the pass- 
age of nervous impulses. 

It follows, from what has been said so far, that the 
retina is essentially formed of a number of nerve cell chains, 
or neurons, arranged in three series from without inwards. 
The first visual neuron is formed by the rod or cone element, 
i.e., by the rod or cone proper with its granule and its 
fibre : it constitutes the highly differentiated sensory epithe- 
lium of the retina. The second visual neuron consists of the 
bipolar cell with its system of outer processes articulated 
with the rod- or cone-fibre and its system of inner 
processes articulated with the outer dendritic processes of a 
ganglionic cell or with the body of the cell as the case may 
be. The third visual neuron is made of the ganglionic cell, 
the dendrons of which are articulated with the processes 
from the inner pole of a bipolar cell while its axon is con- 
tinuous with an optic nerve fibre. 

The first visual neuron is the neuron of reception or 
the peripheral sensitive neuron. The portion of the retina 
it occupies (layer of rods and cones, outer nuclear_tayer and 
outer molecular layer) does not contain any big&d-yessels : 
the nutrition of these layers takes place b S the 
source of supply being the choriocapillarig Mayer of the 


choroid. The second and third visual ns are neurons 
of transmission and the nutrition of G esponding retinal 
layers is insured by the capillary derived from the 


termed the intermediate and the the central or retino- 
ganglionary neuron. 


central artery of the retina. The Zona neuron is often 
$ d, 


We have pointed ou in molluscs the retina is 
reduced to the nO ay OF in, two being in the optic 
lobe of the brain. mover, in our brief study of the 


various sense-organ es m the simplest one (sense of touch) 
to the most com , namely, the organ of sight, we have 
seen that the oe arrangement is fairly constant. In the 
sense-organ, uch and in that of taste, the sensory epi- 
thelium, QMthe tactile corpuscles and the gustatory cells, 
occupy ENY surface (skin and mucous membrane of the 
rong wey d mouth) but the cellular body of the neuron of 
rec lies far from the surface and is found in the gang- 
a the posterior root of a spinal nerve in the case of the 
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sense-organ of touch and in the nucleus of the glosso- 
pharyngeal nerve in the case of the organ of taste. In the 
more complex organ of hearing, the differentiated sensory 
epithelium is constituted by the cells of the organ of Corti, 
which lies in the internal ear, and the cellular body of the 
neuron of reception is much nearer the periphery than is the 
case in the organs of touch and taste. In the organ of sight, 
not only the neuron of reception and the intermediate neuron 
are near the periphery, i.e., within the retina, but the central 
neuron which, in other sense-organs lies in the cerebro-spinal 
axis, is also within the retina. 

This arrangement is, as we have already stated, calcu- 
lated to insure an easier, quicker and more perfect answer 
to external stimuli. Beside, it justified the view, supported 
by embryological considerations and by comparative 
anatomy, that the retina is really a nervous centre, a portion 
of the brain which has pushed its way out of the cranial 
cavity and it follows that the optic nerve is not comparable 
to an ordinary peripheral nerve but is really a commissural 
tract connecting two nervous centres, namely the cerebral 
portion of the retina, i.e., the ganglionic layer (the cells of 
which may be assimilated to those of the grey matter of the 
ordinary nervous centres) and the grey matter of the primary 
visual centres. 

In our present description, we have traced the path of 
visual impressions through the three neurong\which form a 
chain extending from the rods and cone None hand to 
the optic nerve fibres on the other hand, e have pointed 
out repeatedly that the fibres of the opg& herve after passing 
through, and partly decussating in, @® chiasma, apparently 
end in the primary or basal AO entres, namely the ex- 
ternal geniculate and the an quadrigeminal bodies. 
Another visual neuron, the&ntracerebral neuron of trans- 
mission, connects the primy visual centres and the visual 
centre in the cerebral cor@y of the occipital lobe, as we shall 
see presently. O 

It should be N in mind that, whatever the nature 
of an external st us acting on the retina, the nervous 
impulse generateg in the sensory epithelium can only give 
rise to a viggal sensation. The normal or, as it is often 
termed, theę& equate stimulus of the retina is light, but if 
any oth imulus be applied to it, the response is a lumi- 
a ation. This is shown by the luminous phenomena 
occurNhg when an electric current is made to pass through 
EFN etina or when a pressure is applied to the globe (phos- 


È prene). A similar remark applies to the other sense-organs : 


or instance, if the acoustic nerve or the organ of Corti be 
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artificiafly stimulated, a sensation of sound results, and 
again, sensations of smell may arise, apart from the existence 
of a smelling object, when the olfactive membrane is arti- 
ficially stimulated, as occasionally happens in some diseases 
of the nose. 

The chain of neurons we have just studied constitutes 
what might be termed the apparatus of centripetal conduc- 
tion. The visual impulses generated in the sensory epithe- 
lium, i.e., in the layer of rods and cones, are carried by the 
axons of the ganglionic cells to the primary visual centres. 

We have seen that the bipolar cells and their processes 
constitute a connection between the visual cells (first neuron) 
and the ganglionic cells (third neuron) and that, except at 
the fovea, there is a gradual reduction in the number of 
conductors from the outer to the inner retinal surface. Thus, 
one of the large bipolar cells may be articulated with the 
terminal knobs or with the cone-feet of fifteen to twenty 
visual cells while the smaller bipolar cells are articulated 
with only two or three visual cells. It follows that the outer 
molecular layer, which is the zone of articulation of the first 
and second neuron, i.e., of the visual cells and the bipolar 
cells, is a zone of reduction in the number of conducting 
elements. In the same way, and again except at the fovea, 
a single ganglionic cell may be articulated with several 
bipolar cells, but in the foveal area each cone has its own 
bipolar and probably its own ganglionic cell, sinceywe have 
seen that the number of ganglionic cells oo se Ynsider- 
ably at the edge of the depression. 

According to Krause, there are 130 Po rods and 
7 million cones in the human retina YO number of 
optic nerve fibres does not seem to be WO 800,000. What- 
ever the uncertainty of these figures, a screpancy between 
the number of optic nerve fibres at of percipient ele- 
ments is striking and is a proof or he reduction stated just 


now. 

In addition to the true Ofte optic fibres, there are 
in the optic nerve large c al fibres termed the pupillary 
fibres the purpose of ch will be explained presently. 
Beside, Cajal has strated the presence in the optic 
nerve of a set of Ron tffugal fibres originating from the pri- 
mary visual c and perhaps from the cortex, and 
passing into t Ros tract and the optic nerve together with 
the true o Co entripetal) fibres to end in the inner nuclear 
layer, who hey seem to be articulated with the amacrine 


cells. y are supposed to transmit orders from the brain, 
to Y the voluntary adaptation of the retina, i.e., the 


enon termed attention. 


254 : THE RETINA 


We shall see also, presently, that in some of the higher 
mammals there is a bundle of fibres, constituting what is 
termed the anterior commissure of Gudden, which connects 
the two retinæ through the chiasma. These fibres are not 
visual fibres in the ordinary sense of the term but merely 
association fibres between the third neuron of the right 
retina and the third neuron of the left retina. This commis- 
sure is completed by Gudden’s posterior commissure which is 
formed by a small bundle of fibres extending from one 
external geniculate body to that of the opposite side through 
the chiasma. The existence of these commissures in the 
human being is regarded as doubtful. 

Likewise, there are association bundles connecting various 
areas of the cerebral cortex, for instance, the motor area 
concerned with the voluntary movements of the limbs and 
head (near the fissure of Rolando), the centre for speech in 
the left hemisphere, and the true visual centre in the occipital 
lobe of each hemisphere, near the calcarine fissure. The 
visual centre of one hemisphere is also connected with that 
of the other hemisphere by commissural fibres forming part 
of the corpus callosum. 


CHAPTER XIV. 


MICROSCOPIC STRUCTURE OF THE OPTIC NERVE, THE 
CHIASMA, OPTIC TRACTS AND VISUAL CENTRES. 


The Minute Structure of the Optic Nerve. 


We have pointed out before that the optic nerve exactly 
fills the scleral canal, i.e., the opening in the sclerotic and 
choroid through which it emerges from the globe. The 
fibres forming the various bundles of the optic nerve are 
deprived of their myeline sheaths in the scleral canal and in 
the retina. The lamina cribrosa, examined on an antero- 
posterior section, appears as made of a system of transversal 
bundles of connective tissue, extending from one edge of the 
scleral canal to the other in a slightly curved direction, the 
concavity of which is turned towards the eye. This con- 
cavity varies, physiologically, but never reaches the high 
degree observed in glaucomatous affections. At a first 
glance, the lamina cribrosa appears to exist only in the 
posterior half or two-thirds of the canal; this is due to the 
fact that the strongest part of the lamina is formed by scle- 
rotical fibres but, at the level of the ocular orifice of the 
scleral canal, the choroid also supplies thin bundles forming 
what might be called a delicate choroidal lamina «ribrosa, 
to distinguish it from the stronger sclerotical Re ai Fehr 
many animals (dog, sheep, horse, etc.) the PAS) cribrosa 
is relatively weak and reduced to little e than the 
choroidal part. In. man, it is much st r and consists 
distinctly of a choroidal and a scleroti ortion. 

The structure of the optic "O the same in the 
orbital, the canalicular, and the K Cranial portions. At 
the level of the posterior surfac the lamina cribosa the 
optic fibres acquire their meduary sheaths, the trunk of the 
nerve increasing in TOR ost suddenly and passing 
from a diameter of 2 mms. @ ehe of about 4 mms. 

. The trunk of the A consists of a large number of 
bundles separated f(onone another by fibrous septa and 
connective tissue. protective sheaths of the nerve have 

ise 


already been s d. The individual nerve fibres are 


separated ana ported by a delicate neurogliar tissue. 
There A in the optic nerve, fibres of very different 

sizes. TB iargest have a diameter of 5 to 10 microns, 

wherea e finest reach an almost incommensurable small- 


a hese differences are easily explained: the multipolar 


or glionic cells of the retina are of widely different sizes, 
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the macular ones being very small, the peripheral ones 
larger; it is, therefore, not surprising to find that the 
cylinder-axes of these cells are of corresponding sizes. 
Beside, independently of the ordinary “‘optic’’ fibres, there 
are in the optic nerve centrifugal fibres travelling from the 
nervous centres to the retina: these fibres are relatively 
small; finally, there are also voluminous centripetal fibres 
(pupillary or photo-motor), which we shall investigate 
presently. 

The question of the number of fibres in the optic nerve 
has lost its interest since we know that the nerve is not made 
of visual fibres only. If it were so built, it would be inter- 
esting to compare the number of fibres with that of the 
rods and cones, but the existence of the centrifugal and 
of the centripetal photo-motor fibres as well as that of the 
commissural fibres renders the comparison useless. Suffice 
it to say that the number of fibres is enormous. The esti- 
mate of Kuhne who gives 40,000 appears to be very much 
below the truth. It is probable that Krause is nearer the 
mark with his estimate of 800,000. The wide discrepancy 
between the above figures shows the little value we may 


attach to them. 


The Optic Chiasma. 

The nervous mass of the chiasma contains the same 
elements as the optic nerve except that the connective tissue 
septa are less numerous; in fact, in the neryyus centres the 
connective tissue is almost entirely qa m the reduc- 
tion in the number, and, ultimately, fr ne disappearance 


of the septa, it follows that the n us fibres are not 
grouped in bundles as in the opti tve; they are so inti- 
mately interlaced that it is i le to trace their path 


the ordinary staining methgys are unable to elucidate the 
subject of the path of the tic fibres in the chiasma. In 
their interpretation of ions, the first anatomists who 
studied the subjec biased by preadmitted notions on 
the constitution ray é chiasma, or again, they applied to 
man the resul examination of lower animals. Even 
such an pee eh as Kolliker rejected the idea of direct 
fibres on t retext that anatomical examination was unable 
to demonte their existence. 
onstitution of the chiasma had been postulated by 
New a long time before the introduction of the modern 
ods of investigation. Newton (1704), trying to explain 
le binocular vision, thought that the fibres of the right 
sides of the two retinæ were united in the right tract; thase 


with certainty by simple & on and observation; even 


$ 
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of the left halves, in the left tract. He added ‘‘ these two 
nerves (or tracts as they are now called) must be so united 
in the brain that their fibres give rise to a single image, the 
right half of which comes from the right side of each eye, 
the left half from the left side of each eye.” He saw a proof 
of his hypothesis in the fact that ‘‘in animals which look 
at an object with the two eyes, the two optic nerves are 
partly united before entering the brain whereas the optic 
nerves of animals the two eyes of which do not look at the 
same object (fishes) are not so united, the nerve of each eye 
passing to the opposite side of the brain.’ 

The postulatum of Newton, based on a physiologic 
necessity, contained (1) the theory of half decussation in 
animals with binocular vision; (2) the necessity of a means 
of union between the two cerebral hemispheres in order to 
permit the juxtaposition of the two hemiopic fields; (3) the 
theory of complete crossing in animals with panoramic 
vision. 

The old histologic methods being insufficient, Ramon y 
Cajal applied Golgi’s method to the study of the chiasma. 
He found a complete crossing in fishes and batracians; in 
the former, the two nerves simply pass one above the other ; 
in the latter, one optic nerve passes through a slit inthe other. 
In amphibia and birds, the crossing is also complete; each 
nerve divides into a number of flat bundles which all pass 
over to the other side, interlacing with the bundles of the 
opposite side as they cross, in the same fashion “he inter- 
twined fingers of two hands when clasped togepher. 

Thus, the complete crossing is the rule i er animals, 
but it must not be assumed that the c ion holds good 
for the higher vertebrates. In mamm e the rabbit or 
the rat, the chromate of silver meth s not always show 
the existence of direct fibres and, ee re, complete crossing 
might be thought to exist, but thed¢eneration method shows 
clearly that there are some dj Oe In the cat, how- 
ever, the direct fibres are ea Teer by the chromate of 
Silver; they represent a third of the volume of the 
nerve and though mos them lie in the external part of 
the nerve a few pas the centre of the chiasma. 

To sum m p her vertebrates a partial decussation 


occurs, the part haracter of which is more pronounced 
the nearer akj e animal is to man. In man, the non- 
decussatin dle approximates the decussating one in size, 
the formeNÐ®ntaining about two-fifths and the latter three- 


fifths aXe total number of optic nerve fibres. In a general 
wa irect or uncrossed fibres seem to occupy the upper 
Bolten of the chiasma whereas the crossed fibres pass through 
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the inferior portion. By means of improved methods of 
staining, Cajal found, in some animals, a number of bifur-. 
cated fibres: such a retinal fibre divides into two equal fibres 
on entering the chiasma, one of them passes into the opposite 
tract, the other into the tract on the same side. It has been 
suggested that these bifurcated fibres proceed from the 
macula and that their existence would explain the fact (to 
which we shall revert presently) that the macula of each eye 
is connected with the two cerebral hemispheres. This 
assumption does not appear to be fully justified since bifur- 
cated fibres have not been observed in the human subject. 
Even the most modern histologic methods have not 
entirely settled the question of the constitution of the 
chiasma. We shall see presently that the degeneration 
method furnishes very important data on the subject. 


The Primary Visual Centres. 


On entering the tracts the optic fibres resume the 
parallel direction they had in the nerves. The tracts do not 
show the septa of connective tissue we have mentioned in the 
case of the optic nerves; in fact, the connective tissue is even 
less abundant in the tracts than in the chiasma, the fibres 
being separated from each other by neuroglia. As already 
stated, each optic tract appears to end partly in the external 
geniculate body and partly in the anterior quadrigeminal 
body. Examination and dissection cannot upply definite 
information as to the course of the optic a in the tracts 
and in the basal ganglia; even the mode@yStaining methods 
are insufficient. As we shall see presgNty, after enucleation 
of both eyes, especially in a iO imal, it is found that 
neither the internal geniculate the posterior quadri- 
geminal body is affected w generation: hence, the 
external geniculate and the €nterior quadrigeminal only are 
visual centres. We will co@® again to the subject in sketch- 
ing the results furnished@yy the degeneration method. This 
method has also OA hat the ganglia of the base of the 

t 


brain are PEN the cortex of the occipital lobe by 
fibres, eS is known as the optic radiation. 


The Corticab Gşual Centre. 


Th we have given (page 68) a brief description of 
the çc&kral cortex generally, a few supplementary remarks 
ma useful. The details of structure vary according to the 


W that is being considered, but we cannot enter into 


e differences and must be content with a somewhat dia- 


Ò grammatic description of the cortex as a whole. 


THE CORTICAL CENTRE 


The grey matter of the convoluted surface of the cerebral 
hemisphere forms a continuous covering about 3 to 4 mms. 
thick, which is divided into several strata by interposed thin 
layers of paler substance. On examining a section with the 
naked eye, we can recognise, from without inwards: (1) A 
thin coating of whitish matter situated on the outside surface 
and appearing on the section as a faint line bounding the 
grey surface externally. This layer is not equally thick 
everywhere: it is more conspicuous on the under surface of 
the brain. (2) Immediately beneath the white layer just 
mentioned is found a layer of grey or reddish matter, the 
colour of which is deeper or lighter according as its numerous 
vessels contain much or little blood. (3) A layer appearing 
as a thin whitish line (line of Vicq d’Azyr). (4) A second 
grey stratum. (5) A second thin whitish line. (6) A 
yellowish-grey layer which lies next to the central white 
matter of the convolution. In some parts, as in the neigh- 
bourhood of the calcarine fissure (occipital lobe) the line of 
Vicq d’Azyr is very distinct but the 5th layer is not visible. 

The minute structure of the cerebral cortex has been 
investigated with sufficient detail for our purpose. Let it 
be remembered that the nervous cells of the grey matter of 
the cortex are embedded in a supporting tissue, or neuroglia, 
through which the fibres pass to and from the cells. The 
neuroglia is more marked in the outermost parts of the cortex 
immediately below the pia mater, and since, in a section, its 
wavy fibres are mostly seen as sectional dots, t Yprtion is 
termed the molecular layer. Internally to layer, the 
cortex is characterised by the presence of cells whose 
shape is roughly pyramidal with the BAe) ointing toward 
the surface of the brain. This lay ay, therefore, be 
called the layer of pyramidal oe vary in size in 
the several strata of the layer, the t being found in the 
deeper portion, the smallest “ee to the molecular layer. 
The part of the cortex which mediately external to the 
central white matter is charged by the presence of nerve 
cells of a somewhat irr Dr nd variable form; hence this 
layer is known as the ie of polymorphous cells. Beneath 
this last layer is P ite matter, the medullary fibres of 
which become fin they radiate into the grey matter and 
are mostly c uous with the cylinder-axes of the 
pyramidal ce These fibres pass either as association 
fibres to parts of the cortex of the same hemisphere, or 
as commi\àiral fibres through the corpus callosum to the 
eee si emisphere, or as projection fibres to the ganglia 

e, or finally, by way of the internal capsule, to the 
Dana the spinal cord 


CHAPTER XV. 
THE PATH OF VISUAL IMPULSES GENERALLY. 


Anatomical dissection and microscopic examination are 
insufficient to enable us to trace the path of visual impulses 
beyond the primary centres. 

Let us now examine what can be learnt as to the path 
of visual impulses by the degeneration method and by the 
anatomo-clinical method. 


The Path of Visual Impulses Studied by the Degeneration Method. 


It has long been known that the destruction of an eye 
determines the atrophy of the corresponding optic nerve, 
and that this ‘“‘ ascending ” atrophy extends to the ganglia 
of the base of the brain, but it was Gudden who was the first 
to make a systematic study of the subject (1872) and who 
showed in this way that only the external geniculate and the 
anterior quadrigeminal are visual centres. A little later 
(1888) Von Monakow completed Gudden’s work. Not only 
did he study the ascending degeneration from the eye to the 
ganglia of the base after enucleation, but he also removed 
or destroyed some limited portions of the occipital cortex 
and observed descending degeneration from the cortex to the 
basal ganglia, thus determining compere path of the 


optic fibres. 
Von Monakow’s researches have ey been made on 


new-born and adult animals (rabbit s, dogs). In some 
small details the optic path of & animals differs from 
e 


me is the same in both 


that in man, but the Le ee 
cases. Therefore, neglecti tails which do not apply 
to human anatomy, we rengguce in a somewhat simplified 


form, the diagram mba 1 umes the whole work (fig. 24). 


Let it be rememb that we have given the name of 
“neuron ” to a nen@ystell with all its processes, dendrites 
and axon. If hAon of a neuron is sectioned, the peri- 
pheral end-of (le fbre, that is, the end no longer connected 
with the cell, -dévenerates, i.e., dies, exactly as does a branch 
separated its tree. This degeneration, which is a 
gradual rganisation of the nervous fibre from the point 
of s progresses up to the final ramifications. The 
degeN@ration shows itself by structural changes which have 
yt mentioned. While these changes take place, and even 
Nefore they are obvious, the irritability of the fibre gradually 
becomes less, and finally it completely disappears. The 
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phenomenon is often termed ‘‘ Wallerian degeneration,” as 
it was described for the first time by Augustus Waller in 
1852 (see page 47). 

The diagram of Monakow (fig. 24) is almost self- 
explanatory. In a young animal, say, a rabbit, the extir- 
pation of both eyes determines a degeneration of both optic 
nerves and tracts and atrophic lesions localised in certain 


Fic. 24. DIAGRAM OF Monakow. 
Showing, in a diagrammatic form, 
the centrifugal and centripetal 
connections of the retina, the 
primary visual centres and the 
cortical centre. 

R is the retina; ON the optic 
nerve and tract; E G the external 
geniculate body; A Q the anterior 
quadrigeminal body; N the nucleus 
of origin of the third nerve; OR 
the optic radiation; C the cerebral 
cortex in the neighbourhood of 
the calcarine fissure. The axons 
of the ganglionic cells of the 
retina (g) continued into the 
cylinder-axes of the optic nerve 
fibres pass into the external genicu- 
late body, where they are physio- 
logically connected by synapses 
with the cells of the geniculate, 
which are the origin of the fibres 
of the optic radiation OR. In the 
cortex, these fibres are connected, 
no doubt by means intercalar 
cells, with other elements, 
especially pyramidal 
cells, The ax the pyramidal 
cells of the x travel via the 
optic radigt to the anterior 
quadrige body; there they 
arboris ., form synapses, with 
the Gedy f the quadrigeminal, the 

> these cells travelling via 
optic tract and the optic 
ve to end in the retina, probably 
in the inner molecular layer. 
4) a nucleus of the third nerve 
is connected with the anterior 
quadrigeminal body, and wi eal cells of the visual cortex. 


parts of the exter pniculat body and of the anterior 
quadrigeminal b In the geniculate, what degenerates 
is the gelatinoy: bstance, i.e., the plexus formed by the 
terminal arb tions of the tract, but the nervous or 
ganglion} s themselves are preserved. In the anterior 
quadrig N body, what disappear are the nervous cells 
of t nglion. What is the significance of these changes ? 
nucleation (or a section of the optic nerve) causes 

eration of the gelatinous substance of the external 


pom 


Fic. 24. 
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geniculate, it is because it causes degeneration of the 
cylinder-axes of the nerves and tracts, the terminal arborisa- 
tions of which form the gelatinous substance of the ganglion 
in question. The degeneration is cellulifugal, ascending, 
(extending towards the brain), the cells from which 
these cylinder-axes proceed, i.e., the ganglionic cells of 
the retina, occupying the other extremity of the cut 
nervous bundle. In the case of a simple section of an optic 
nerve, not only do we observe the degeneration of the portion 
of the nerve that is no longer connected with the eye, but 
we also observe in the part still connected with the eye a 
degeneration proceeding from the point of section and 
extending ultimately to the retinal ganglionic cells; this 
second degeneration which is termed cellulipetal or descend- 
ing, takes place in accordance with a law we will mention 
presently. 

Since enucleation causes degeneration of the nervous 
cells of the anterior quadrigeminal body, it is because these 
cells send into the optic nerve cylinder-axes which have been 
cut and have therefore degenerated in the two directions. In 
the actual experiment, we observe the effect of cellulipetal 
degeneration, so far as the anterior quadrigeminal body is 
concerned, and these results are confirmed by the extirpation 
of the anterior quadrigeminal body which causes atrophy 
of a certain number of fibres in the tracts and the nerves. 
These fibres (finer than those proceeding frem the retinal 
ganglionic cells) have necessarily their inal arborisa- 
tions in the retina. Thus, Monakow degstrated in 1888 
the existence in the optic nerve and op; act of centrifugal 
fibres; a few years later Cajal pr vane truth of the fact 
and saw the terminal arborist these fibres in the 
inner nuclear layer. 

The first conclusion one > from Monakow’s experi- 
ments is that the optic ner@) nd tract are made of neurons 
extending from the retipa fo the external geniculate body 
and the anterior sundial body ; these neurons form the 
anterior segment Keyl’ extra-cerebral) of the optic path. 
Moreover, this as double and made of: (a) centripetal 
fibres (from th€ rgtina to the external geniculate); (b) centri- 
fugal fibres gyom the anterior quadrigeminal body to the 
retina). N 
Mog went further and showed that removal or 


dest. n of the part of the cerebral cortex occupying the 


e external geniculate; (2) atrophy of the fibres of the 
Wife matter of the anterior quadrigeminal body. The 
destruction of the cortex has therefore caused a cellulipetal 


RAY lobe determines: (1) atrophy of the ganglionic cells 
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degeneration in the external geniculate whose large cells 
have disappeared and a cellulifugal degeneration in the 
anterior quadrigeminal, some nervous fibres of which have 
become atrophied. 

On the other hand, a section of the internal capsule, 
along which passes the optic radiation, causes: (1) between 
the section and the basal ganglia, a degeneration similar to 
that following the destruction of the cortex; (2) between the 
section and the cortex, a degeneration reaching the cortex 
-and causing in it atrophy of the large pyramidal cells. 
Hence these conclusions :—(a) From the ganglia of the base 
to the visual cortex, neurons extend which form the posterior 
segment of the optic path. (b) This part of the path is 
double and made of centripetal cylinder-axes proceeding 
from the large cells of the external geniculate, and of centri- 
fugal cylinder-axes proceeding from the pyramidal cells of 
the cortex and ending in the anterior quadrigeminal 
body. 

To sum up, the optic path from the retina to the cortex 
is constituted as follows:—(a) Centripetal direction; 
ganglionic cells of the retina and their cylinder-axes going 
to arborise in the external geniculate and entering into con- 
nection with the cells of this ganglion. In their turn, these 
cells send cylinder-axes which arborise in the cortex. (b) 
Centrifugal direction. The large pyramidal cells of the 
cortex send through the optic radiation their cyknder-axes 
into the anterior quadrigeminal body where ray arborise 
and enter into connection with the cells of ihe QA substance 
of this ganglion, and the latter cells send t cylinder-axes 
through the tract and the optic nerve ponies granular 
layer of the retina. ~~ 

What has just been said is cy ef abstract of Von 
Monakow’s researches. He taught at the same time the 
results of the degeneration met applied to the optic path 
and the laws governing these@egenerations. We know now 
that when a bundle of ome is cut or pathologically 
destroyed, we observe extremity the degeneration of 
a reticulum, and at_t ther extremity the atrophy of a 
cellular group. THECpRctusion to draw from this is that the 
degenerated cells gepresent the origin of the.cut cylinder-axes 
while the retic OP which degenerates at the other end of 
the bundle the collection of their terminal arborisa- 
tions. I r words, and supposing that the method could 

y to, Siete element, i.e., to a single neuron, the section 


appl 
of a gateyder-ai not only involves the degeneration (Wal- 
ie n\for cellulifugal or ascending) of the extremity 


S ated from the cell but also (though more slowly and 
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less completely) the degeneration of the end attached to the 
cell and of the cell itself (cellulipetal or descending 
degeneration). 

Originally, the reduction of volume was the only way of 
recognising the degenerated part; thus, Gudden measured 
the area of section of the two tracts to find out whether one 
only or both had lost their normal thickness. Nowadays, 
coloration methods have been devised which permit a dis- 
tinction between degenerated and healthy elements. One of 
the best is the method of Nissl, consisting in coloration with 
a warm solution of methylene blue and discoloration by a 
mixture of alcohol and aniline oil. The method had been 
applied first to the study of the ganglionic cells of the retina. 
It showed that in a protoplasmic, colourless mass, probably 
of reticular structure, blocks of chromophile (i.e., readily 
stained) substance, strongly coloured in blue, are embedded. 
The large protoplasmic processes or dendrons of the cell 
have the same structure as the cellular body, and show the 
chromophile substance in the form of grains or small rods. 
The cylinder-axis or axon is absolutely free from chromo- 
phile grains, its substance continuing the colourless or 
achromatic substance of the cell. Most probably, it is the 
colourless part of the cell which possesses the power of con- 
ductibility, the chromophile blocks being nutrient materials 
which are used up during cellular activity and regenerated 


by rest. 

The nucleus of a normal nervous cell apepies a central 
position. When the cylinder-axis is cu e alterations in 
the cell are clearly shown; the chromo substance is dis- 
integrated, i.e., to a certain extent dj ed instead of form- 
ing disseminated blocks; the nuc akes a more excentric 
position and, at a later stag completely disappears. 
These phenomena appear oO ays after the section of the 


cylinder-axis and it is cleayŅħat it is possible, in this way, 
to determine the nervousgelNS of origin of a bundle of fibres 
cut experimentally or aefroved pathologically. 

The method Wer only applies to cellular elements ; 
there is, up to no o method of coloration for degenerated 
fibres, but as GeMegencration of a fibre is accompanied by 
visible strucjuraf changes, including a breaking up of the 


+ 


myeline s into oily drops which may be coloured by 
diluted c acid, it is possible to follow the track of 


dees d fibres, at least as far as they are covered with 
my ; 


s we have seen, a wounded neuron dies gradually in 
ai $ length. Beside, the death of a neuron may cause the 
eath of other neurons with which it is connected. This , 
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secondary or tertiary degeneration, i.e., degeneration extend- 
ing to the second or third link of a neuron chain, occurs 
more slowly. Thus, the enucleation of both eyes in new- 
born animals, or their pathological destruction in young 
children, determines a rapid degeneration of the anterior 
segment of the optic path (nerves, tracts and external 
geniculate bodies) and a slower degeneration of the posterior 
segment shown by reduction in the optic radiation and in the 
cortex. 

Not only do all the neurons of a same chain degenerate, 
but the association bundles, uniting the system originally 
degenerated with other systems, may also degenerate. For 
instance, it has been observed, in an old standing case of 
destruction of both eyes in a leper, that the atrophied part 
of the cortex was not only the occipital visual centre, but 


` that the degeneration extended to the parietal and to the 


temporal lobes. This can be explained by the fact that the 
occipital centre is normally united, through association 
bundles, with other cerebral centres and that the inactivity 
and degeneration of the former extend to the latter. 

It must be understood that while the degeneration 
method enables us to understand the connection of the dif- 
ferent parts of the visual apparatus, it would not be wise to 


draw conclusions as to the functions of these parts. . For 
instance, from the fact that the optic radiation appears to 
spread into the whole of the occipital lobe, w not con- 


clude that all the occipital convolutions have vie} functions. 
Only by the anatomo-clinical method can es Tecognise the 
functional value of the different parts of t isual apparatus. 
Obviously, this method is not practj in the case of 
animals as the visual troubles cause experimental lesions 
are of a too difficult PRES 

The degeneration method qty s important data on the 
constitution of the noe an we have seen before, a 


double enucleation in a yo animal had led Monakow to 
determine the path of w@pMimpulses from the eye to the 
brain. Enucleation ANa eye only shows which of the 
fibres of the optic(tr degenerate and which do not; it 
enables us, therefor@> to find out the part played by each 
optic nerve in, constitution of the optic tracts and to 
elucidate the stion of partial or total decussation in the 


chiasma. y 
Beside imited lesions of the retina, such as destruction 
of so parts by the galvano-cautery, will show that the 


juxta d retinal elements conserve their respective posi- 
i in the optic nerve. 
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From numerous observations on animals, we can con- 
clude that in those animals with panoramic vision, i.e., with 
two separate visual fields (a condition which occurs in 
animals the two eyes of which are placed so laterally that 
there is no common or binocular part of their fields) the 
crossing of the optic nerves is complete, whereas it is more 
or less partial in those animals the two fields of which more 
or less overlap, i.e., in animals with a more or less extensive 
binocular field of vision. 

In the rabbit, the guinea-pig, and the rat, almost all the 
fibres of the degenerated nerve may be traced into the oppo- 
site tract, only a few passing into the tract of the same side. 
In the cat three-fifthsof the degenerated fibres of the cut optic 
nerve pass into the opposite tract, and two-fifths into the tract 
of the same side. In monkeys, the direct fibres are almost 
as numerous as the crossed ones. 

The situation in a section of the optic nerve of the fibres 
proceeding from the different parts of the retina has been 
ascertained by the method stated above and it has been 
found that the different regions of the retina correspond, 
point by point, to the corresponding regions of a transversal 
section of the optic nerve on the same side and of the tract on 
the opposite side. Thus, the external region of the right 
retina sends its fibres into the external part of the right nerve 
and into the internal part of the left tract (law of topo- 
graphic homology). 

In man, as we have already point Qr a double 
enucleation causes degeneration of the ior segment of 
the visual path, i.e., optic nerves, tracts, external 
geniculate and anterior quadrigemingahbodies. A secondary 
degeneration of the posterior se t, i.e., optic radiation 
and visual cortex, occurs T 

_ The results of the os, 
only have been particularly idied by Cramer, whose con- 
clusions are confirmed many similar observations made 
since. Cramer’s subj vas a man of 60 whose right eye 
had been destroy COs ear previously. Sections of the 
nerves and of the sma showed that the right optic nerve, 
much reduced {fn yolume, was completely deprived of nervous 
fibres; the C as normal and its fibres, as they reached 
the nL. rere divided into two bundles; the most 
numeroysWvaversed the chiasma obliquely from left to right 
to pe te into the right tract, the greater part of which they 
‘LON ed. They represent the crossed bundle of the nerve. 


(ly. 
or destruction of one eye 


rest of the fibres of the left optic nerve, less numerous, 
sed to the left tract, and were the only fibres left in that 
Orat On following the degeneration in the tracts, it was 
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found that, in the right tract, containing the direct 
degenerated fibres, these chiefly occupied the centre of the 
bundle. In the left tract, the crossed degenerated fibres 
occupied the inferior part. In the chiasma itself, the crossed 
fibres passed through the bottom of the chiasma, the direct 
fibres through the top. 

Both the external geniculate bodies were affected by the 
degeneration, but the left one (crossed with respect to the 
degenerated nerve) was more affected than the right one; 
this is again a proof of the predominance of the crossed 
bundle. The crossed bundle radiated in the superficial part 
of the ganglion; the direct bundle, in the central portion. 
In the case of the anterior quadrigeminal bodies, the 
degeneration was also more pronounced in the crossed than 
in the direct ganglion; the reduction in volume was more 
apparent in the superficial layers, which would lead to the 
conclusion that the anterior quadrigeminal bodies are only 
connected with some optic nerve fibres through their super- 
ficial part; the other layers, probably more important, are 
connected with the optic radiation. 

The above results, due to Cramer’s researches, have 
been confirmed by more recent observations. Beside estab- 
lishing clearly the connections of the optic nerve fibres with 
the basal ganglia, they leave no doubt as to the semi-decus- 
sation theory. 


The Papillo-Macular Bundle, 


Our study of the path of visual impulses gPud not be 
complete if we did not say a few words the papillo- 
macular bundle of the optic nerve. TheęemNscovery of this 
special and most important bundle of t tic nerve results 
from what is termed the anatomo-cli method, i.e., from 
the observation of a well-defined geStén, namely, degenera- 
tion of a special bundle of the ogy nerve in the case of an 
equally well-defined 2) nee namely, central scotoma. 


Leber, observing (1869) th scoloration of the temporal 
part of the disc in a casa @ycentral scotoma, concluded that 
the fibres ending in th Sea and the surrounding area are 
grouped in the tenfp part of the optic nerve. This 
hypothesis was c med by observation of microscopic 
sections of the of nerve of subjects who, before death, had 
otoma. It is now proved that the macular 
bundle oc s a determined position in the whole length 
of the or an of the visual path and that, in the 
chias the right and left macular bundles fuse to undergo 
a dectgation similar to that of the nerves themselves. This 
he he is based: (a) on the fact observed in case of 
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degeneration when the two atrophied bundles are seen fused 
in the centre of the chiasma; (b) on Newton’s postulatum 
concerning single vision with the two eyes since the 
postulatum especially concerns direct vision; (c) on the con- 
servation of central vision in both eyes in cases of destruc- 
tion of the occipital cortex of one hemisphere only. In such 
cases, it is a physiologic necessity that the occipital lobe left 
intact may suffice to the innervation of both macule. 

The degeneration method has been used by Henschen 
and others to ascertain the situation of the different bundles 
of fibres in the optic nerves, the chiasma and the tracts. The 
results of their researches may be resumed as follows :— 

(1) The macular bundle, on leaving the globe, occupies 
the infero-external part of the nerve, exactly as, in the retina, 
the macula occupies the infero-external side. It soon passes 
into the central part of the nerve (immediately beyond the 
point of entry of the central retinal vessels) and keeps that 
position in the nerve, the chiasma and the tracts. In the 
centre of the optic chiasma, the decussating fibres of the two 
macular bundles appear to cross each other on the median 
line, whereas the direct fibres seem to occupy the external 
parts of this little macular chiasma. There is, however, no 
anatomical or clinical evidence of the existence of this 
macular chiasma. No cases have ever been recorded of 
macular hemianopsia and, as we shall see presently, Cajal 
has observed bifurcated fibres at the centre of, the chiasma of 
some animals, these fibres being perhaps t of the papillo- 
macular bundle which thus would insur irect connection 
between the fovea of each eye and t fo cortical centres. 
Though these bifurcating fibres hay ly been observed so 
far in the eyes of animals (like abbit) which have no 
binocular field of vision, yet t t that they have not been 
discovered in the human ie / be due to the imperfection 


of our present histological thods. (See page 276.) We 
must not overlook the fast That in all cases of homonymous 
hemianopsia which habeen recorded, the fovea is always 
included in the s Ws alf of the retina. 

(2) The cros undle, proceeding from the nasal half 
of the right rég, occupies the infero-internal part of the 
right optic pe up to the chiasma. There, the fibres of 
the two crogsed bundles occupy the central part, round the 

In the tract, the crossed fibres occupy 

-internal part. 
The direct fibres, from the temporal half of the right 


ei occupy also the external part of the right optic nerve. 
near the globe, the macular bundle which has not yet 


OSizached the central part of the nerve, and is still on the 
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external side, divides the direct bundle into two branches, a 
superior and an inferior one, which unite in the external 
part of the nerve as soon as the macular bundle has taken 
its central position. In the chiasma, the direct fibres pass 
near the top surface. In the tract the direct bundle is above 
and outside the crossed one. What has been said about 
the right retina applies, mutatis mutandis, to the left one. 

Thus, the optic fibres occupy in the whole extent of the 
anterior segment of the visual path the respective situation 
they have in the retina; a particular point in a section of 
the optic nerve corresponds to a similar position in the retina 
(law of topographic homology). 

We have already stated that the optic tracts are con- 
nected with the external geniculate body and with the 
anterior quadrigeminal body. The pulvinar itself is not 
concerned with vision, as was thought till recently, and those 
cases of hemianopsia apparently caused by hemorrhage in 
the pulvinar are now explained by the fact that the hemorr- 
hage is sufficiently near the external geniculate body to com- 
press it and to prevent its proper working. The destruction 
of the anterior quadrigeminal body does not interfere with 
vision but greatly interferes with the movements of the eye 
and with the pupillary reactions. The internal geniculate 
body and the posterior quadrigeminal body do not receive 
fibres from the tracts as shown by the degeneration method; 
beside, their destruction causes no visual troubles. The 
external geniculate body is therefore the onl oy visual 
ganglion, the only true primary visual centre. x 

The problem of the determination of theNẹfsual cortical 
centre consists in finding the region o e cortex of a 
cerebral hemisphere the destruction of wkfch abolishes the 
part of vision due to that hemispheres Qe, produces bilateral 
homonymous hemianopsia. Her D the degeneration 
method is useful, but the greater of our knowledge of 
the subject is derived from nee atomo-clinical method. 


Hemianopsia. gO 
In dealing with thi sob em we must bear in mind that 


the vision of each eye isa function of the two cerebral hemis- 
pheres. In other Wérds, from the point of view of the 
cortical function*@ere are not two eyes, but two right half- 
retinæ and tw half-retinze, coupled together by common 
cortical c ine ions. This hypothesis had been advanced 
almost twaenturies ago to explain the curious phenomenon 


of hemidnopsia. In 1865, Von Graefe confirmed the fact, 
bone ed by hundreds of cases, that unilateral destructive 


les@ys of the brain react on the two eyes to produce bilateral 
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hemianopsia. This hemianopsia, this loss of the homony- 
mous halves of the visual fields, is precisely the part of 
vision due to the affected hemisphere. It follows that to 
determine the cortical centre of one of the hemispheres, we 
have to find the minimum cortical lesion capable of causing 
hemianopsia. 


The Anatomo-Clinical Method Applied to the Study of the Path of 
Visual Impulses. 


It is by elimination that these researches have been 
made. All forms of hemianopsia due to lesions of the tracts, 
of the basal ganglia, and of the optic radiation have been 
eliminated. Then, in all cases of hemianopsia which can 
only be explained by cortical lesion, the location of the 
lesion has been ascertained. This location was verified by 
proving that a lesion at the point in question determined 
hemianopsia and that a lesion at any other point did not. 

It is hardly necessary to point out the fact that 
hemianopsia is the projection in the field of a hemi-retinal 
anesthesia; owing to the dioptric inversion of the image, 
this retinal anzesthesia produces loss of the opposite half of 
the visual field. There is often confusion in the student’s 
mind between the terms hemianopsia and hemiopia. The 
former applies to a subjective symptom, namely, to the por- 
tion of the field that is lost, the latter applies to the lesion 
producing the symptom. Thus, left hemianopsia is loss of 
the left half of the visual binocular field, a 
corresponds to right hemiopia, i.e., to an ia of the two 
half-retinze which look to the left bu situated to the 
right of a vertical plane passing thr the centre of each 


globe, i.e., the right (or temporal If of the right retina 
and the right (or nasal) half o left retina. 


To avoid all Ponty, as stake, it is well to use the 


term hemianopsia only, as-AWs term is in accordance with 
the usual nomenclature edical neurology. When we 
speak of right hemipl we mean paralysis of the right 
limbs, though we at the cerebral lesion causing it is 
in the left half e brain. In the same way, left 
hemianopsia 1 dness for the left half of the visual field 
and is due to sthesia of the right halves of the retine. 
It should bserved that, from the etymological stand- 
point, t érm hemiopia means half sight and not half 
blind% Therefore, and strictly speaking, when we wish 
to c y the fact that the right halves of the retinz are 
va) , we should say that there is left hemiopia since the 
alves of the retinæ are seeing. By general custom, 
Oee and in spite of its true etymological sense, the term 
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right (or left) hemiopia implies that the right (or left) halves 
of the retinæ are blind, which corresponds to left (or right) 
hemianopsia, i.e., to loss of the left (or the right) half of the 
binocular field of vision. 

Originally and essentially, the connections of the eyes 
with the nervous centres are crossed as is the case with the 
other nerves of the body, and in inferior animals this com- 
plete crossing still occurs. In the human eye, ‘the nasal 
half of the left retina sends to the right tract the ancestral 
crossed bundle (forming the whole right tract in lower 
animals); the right tract is completed by the direct bundle 
proceeding from the temporal half of the right retina. 

If we extend these notions to the visual field, we can 
easily understand that in all animals having two distinct 
fields there is crossed amaurosis and not hemianopsia as the 
result of unilateral cortical lesions. | Hemianopsia is only 
possible when the direct bundle occurs, but, phylogenetically, 
this hemianopsia is related to crossed amaurosis. 


Location of the Visual Cortical Centre. 


It is especially since 1879 that researches have been 
made on the location of the cortical visual centre. About 
that time it became known, from clinical observations, that 
cortical hemianopsia was due to lesions of the occipital lobe. 


In 1890, Dejerine advanced the opinion that the visual centre 
is located in the internal surface of the occipital lobe, an 
opinion which had been given before (1880) se Hae in 


a thesis inspired by Panas. Bellouard’s viey owever. 
were not generally accepted as Charcot still ded, at the 
time, the theory of crossed amaurosis by%rebral lesions, 
and only admitted a lesion of the opti act beyond the 
chiasma as a possible cause of heny Sia. 

Many physiologists have tri determine experi- 
mentally the seat and limits of gh Visual cortical centre in 
animals, but the results of thes’¥experiments are in most 
cases of a very difficult inter @ation; it is practically impos- 
sible to ascertain whether a js hemianopsic and whether he 
has lost central vision or ~ For this reason, we will be con- 
tent with the results gt anatomo-clinical method in man. 

By successive eltaAnation it has been possible to localise 
the visual centre J@ the occipital lobe, in the neighbourhood 
of the calcaring@$ure. The internal surface of the occipital 
lobe, bei OO apex of the lobe and the parieto-occipital 
fissure, o ontains three convolutions which are, going 
downwayls, the cuneus, the lingual lobe and the fusiform 
lobe. calcarine fissure separates the cuneus from the 

Tlobe. In all cases of hemianopsia by cortical lesions, 
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the calcarine cortex is always affected; hence the conclusion 
that the calcarine fissure represents the cortical visual centre. 
A typical case is recorded by Nordenson; it is that of a sub- _ 
ject presenting during life a left hemianopsia; the post- 
mortem examination showed a lesion of the right calcarine 
fissure, the cortex of which was completely necrosed from 
the apex of the occipital lobe to the end of the fissure. 

Further researches and observations have established the 
fact that the visual centre occupies the internal surface of the 
occipital lobe and that the calcarine fissure is the centre of 
the visual sphere which may extend to the cuneus, the 
lingual lobe and even to the fusiform lobe. 

The subject of the projection of the retina onto the 
cortical centre has received some attention. Is the retina 
innervated in a constant and fixed manner by the cortex; 
that is, does a particular portion of the cortex correspond 
to a fixed area in the retina? The problem can only be 
solved by the anatomo-clinical method, and the solution is 
somewhat incomplete up to now. It seems well proved, 
however, that the superior border of each calcarine fissure 
innervates the homonymous superior quadrants of both 
retin; a case is recorded of a double anopsia in the form 
of a quadrant of the lower part of the left field and corres- 
ponding therefore to blindness of the right superior retinal 
quadrants; the post-mortem examination showed a softening 
of the upper border of the right calcarine fissure. 

According to some authorities not onlx\loes the pro- 
jection of the retina onto the cortex rọ he calcarine 
fissure exist for the quadrants correspo g to the borders 
of the fissure, but this projection exis the most complete 
manner for the whole extent of the %SuAl centre. This hypo- 
thesis is based on the fact hypi, homonymous, sym- 
metrical scotomata are occgsigpAlly observed in the two 
visual fields. The idea of gering them to a single central 
lesion is only logical. Yet'the matter is not elucidated. 


The notion of a op cortical projection, that is, of a 


circumscribed regi the visual cortex specially inner- 
vating the macula considerable practical interest. The 
macular inner Q in man is peculiar, inasmuch as each 
macula appear be connected with the two hemispheres. 
In cases of* ianopsia, even when the defect is due to total 
destructi {)p the whole of an occipital lobe, central vision 
is meegeded in both eyes; there is very little doubt, there- 
fore, t the healthy hemisphere is sufficiently connected 
wilt e two macule, since the latter continue their normal 
ions. In other words, we are bound to admit that each 
acula is connected with both hemispheres. Since, on the 
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other hand, we know that the whole visual region of each 
hemisphere is in the internal surface of the occipital lobe, 


. the part innervating the maculz must be included in the 


same area. 

The exact location of the macular centre is not known, 
but the existence of this centre is not in doubt, considering 
the vital importance of macular or direct vision. The con- 
stant use and exercise of this kind of vision must necessarily 
bring us to admit the fact of a specialisation of a cortical 
region. Beside, some clinical facts point to the same direc- 
tion. Cases are recorded in which, owing to a lesion of the 
two occipital lobes, all peripheral vision is lost in the two 
eyes, with conservation, more or less complete, of central 
vision in both; this conservation of central vision must be 
due to an intact island in the destroyed centres. This island 
may exist on one side only, that of the other side being 
destroyed ; the fact, which has been observed clinically, con- 
firms the idea of double innervation for each macula. If, 
in all similar cases, the cortical fragment remaining intact 
is always in a fixed position, this position will evidently repre- 
sent the macular centre. The number of known cases is not 
yet sufficient to afford definite evidence. 

The path of the optic fibres between the basal ganglia 
or primary centres (i.e., external geniculate and anterior 
quadrigeminal bodies) and the cortex of the occipital lobe, 
or true psychical or visual centre, is somewhat beyond the 
scope of this book. It is sufficient to say, for SA piesen 
purpose, that fibres constituting the optic radiggy8n proceed 
from the primary centres and end in the R centre 
which, as already stated, is localised in th cOHyvolution adjoin- 
ing the calcarine fissure in the posterior of the occipital 
lobe. If there are cases of limited d ion of the external 
geniculate body with consecutive dgg@rferation in the cortex, 
we will be able to traċe more Ko the path of the visual 
fibres. Such a case is recoų by Henschen; the right 
geniculate body was compis E destroyed and it was found 
that a great part of the fikxd@pMthe optic radiation, especially 
those occupying the lo level, were atrophied and could 
be traced up to the €alarine fissure. It follows from this 
that the connectio tween the cortex and the external 
geniculate body 4 Ci sured by the fibres of the inferior or 


ventral portio the optic radiation. A further proof of 
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the fact t e optic fibres occupy the lower or ventral 
part of thy ptic radiation is this: a compression of the 
superio dorsal part of the radiation does not cause any 
visual ‘dubles but a compression of the ventral part results 
in _Kemianopsia. 
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From the fact that the true visual fibres proceed exclu- 


sively from the external geniculate body and end- exclusively 


in the cortex-centre, it does not follow that this region of 
the cerebral cortex does not exchange fibres with any other 
basal ganglion than the external geniculate body. In the 
same way as the visual fibres of the tract end in the external 


-geniculate while other fibres pass into the anterior quadri- 
‘geminal body, the cortical centre not only receives all the 


visual fibres from the external geniculate but also exchanges 
fibres (probably corticifugal) with the anterior quadrigeminal 
body. This has been proved by Monakow and others by 


‘means of the degeneration method, and has been confirmed 


by the anatomo-clinical researches of Dejerine and Vialet. 

To sum up. The visual fibres form a bundle, about 
1 cm. thick, located in the lower or inferior part of the optic 
radiation or corona radiata. Starting exclusively from the 
external geniculate body to terminate at the calcarine fissure, 
this bundle is directed from before backwards, passing on 
at the level of the second temporal convolution and following 
a Straight line from the geniculate to the calcarine fissure; 
near its end, the bundle curves. round the occipital horn and 
bifurcates to.send fibres to the. superior and inferior borders 
of the fissure. 

The projection is also proved, not only for the optic 
nerve and.the tract, but for the geniculate body, the bundle 
of the radiation and the cortex centre. 
‘body, the dorsal part corresponds to t 
of the retina; in the radiation, and in t 
fibres are. also arranged so as to c pond to. the homo- 
logous parts. of. the retina. In ‘ak e law of topographic 
homology-applies to the whole or of the visual path. 

Gudden was the first w re) nced the view that there 
are in the optic nerve pugar fibres, i.e., fibres: which, 


proceeding from the retina’ convey impulses, not to the 


pper quadrants 
ortical centre, the 


primary visual centre perception, i.e., to the external 
geniculate body. and to the cortex of the occipital lobe, 
but to. the anterio drigeminal body and from this to the 


nucleus. of orjeiRJof the third nerve. The stimulation of 
this centre det&gmines pupillary reaction by reflex action. 
Bernheiéyr, examining monkeys, has been. able tọ 


follow a dle of fibres- which becomes. separated from the 
ee e the latter reaches the external geniculate body, 


s into the white substance of the anterior quadri- 
inal body and then extends, by an arched path, to the 


e third pair. 


Ş of the aqueduct of Sylvius and ends in the nucleus of 
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| Although the existence of the pupillary fibres is not 
accepted by all authorities, there is little doubt that’ there are 
in the optic nerve, in addition to the true optic fibres, centri- 
petal fibres,» of ‘retinal origin, the function of which is to 
carry the luminous impression to the anterior quadrigeminal 
body, and from there to the photo-motor centré in the nucleus 
of the third pair. The function itself undoubtedly exists and 
is most probably. carried out by special fibres. - Besides, the 
degeneration’ of the big fibres of the nerve and. tract after 
removal of- the: anterior quadrigeminal body, observed’ by 
ee seems to point to the existence of the pupillary 
fibres 


General Survey of the Visual Conductors and Centres and their Inter- 
connections. 


We are now in.a position to D take a general survey of the 
visual conductors and centres and of their interconnections. 

To be quite complete, we should consider separately : (a) 
the optic path proper, i.e.,. the connection between the per- 
cipient elements (rods and:cones) of the retina and the visual 
. centre in the cortex of the occipital lobe of the brain; (b) the 
connection between the cortical visual centre of each side of 
the brain, which is probably secured by the fibres of the 
corpus callosum; (c) the connection between each visual cor- 
tical centre and other cortical centres, such as the centre of 
visual memory, the centre for the articulation of words; (d) 
the connection between the cerebral centres (orien centres 
and cortical centres) with the motor centres of ntra- and 
extra-ocular muscles. 

The first of these four aspects of our 
the only one which is fairly well elucida 

The optic path proper is mad 
fibres (constituting the papilloma uNar/bundle) and of peri- 
pheral fibres. K 

The central. fibres. procee Qm the small ganglionic 
cells of the macular region of retina; each of which trans- 
mits the impulses receive single cone. The bundle of 
such -fibres,.i.e., the paN acuta bundle, soon passes to 
the axis of the: nerve unites with its fellow at the centre 
of the chiasma; there passes via the external geniculate 
body and the opti Cdiation to-the visual centre in the cortex. 
Though the pat@of the papillo-macular bundle beyond. the 
chiasma’ is finitely elucidated, yet it seems to be proved 
that there ï macular bundle in the optic radiation and a 
special cular centre in. the. visual cortex. 

h the latter: (the. macular cortical centre), has not 

bee pxactly localised,;. yet there is very little doubt that a 
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function as highly specialised as central vision must be 
governed by a special centre. 

A very important point is that concerned with the neces- 
sary connection between the two maculz and the correspond- 
ing visual centres, that in the right and that in the left 
hemisphere of the brain. Here again, we have no direct 
anatomical proof of such connection but the persistence of 
central vision in the two eyes in cases of cortical hemianopsia 
(see page 283) and also the possible conservation of central 
vision in double hemianopsia, when all that is left of the 
visual cortex is but a small unilateral island, cannot very 
well be explained except by the hypothesis that the bundle 
of fibres proceeding from each macula is split in the chiasma 
and thus goes to end in both hemispheres. 

Though there appears to be a macular chiasma, yet the 
maculz do not appear to be divided into two halves (temporal 
and nasal) which are capable of being separately paralysed. 
In other words, there are no cases recorded of macular 
hemianopsia, and this would be explained by the fact that 
each cortical centre (right and left) innervates the whole of 
the surface of both macule. 

Cajal and others have observed the existence of bifur- 
cated fibres in the chiasma, and it is not impossible that these 
fibres may be the macular ones which are bifurcated in order 
that they may go to both hemispheres. Yet, up to now, 
these fibres have chiefly been seen in animals (rabbit) which 
have two distinct fields with imperfect ceg vision and no 


binocular vision. 
Fig. 25 shows, in diagrammatic O, the connections 
of the macula with the visual centre ording to Wilbrand. 


The bundle proceeding from eac ea (the papillo-macular 
bundle) is split at the centr e chiasma to form two 
separate branches, a direct @ne*which goes to the external 
geniculate body of the sa ide and a crossed one which 
goes to the external geyjculate body of the other side. It 
has not been possible to now to recognise the bundle 
of macular fibres @mnecting the geniculate body to the 
cerebral cortex t Sn, as stated, it is difficult to think that 
such a specialifeyfunction as macular vision is not governed 


by a definite cortical centre. 
Of t ipheral fibres, those proceeding from the nasal 
half af retina form what we have termed the crossed 


bu Y each optic nerve, while those proceeding from the 
te N al half of each retina form the direct bundle. The 
ay of the crossed bundle occupy the internal and inferior 
> rt of the optic nerve; the crossed bundle from one retina 
passes through the lower part of the chiasma where it crosses 
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the similar bundle proceeding from the other retina, and the 
two together, travelling in the inferior part of the tract, end 
in the external geniculate body. As to the direct bundle, the 
fibres of the temporal half of the right retina are collected in a 
bundle occupying the superior and external part of the right 
optic nerve and the superior part of the chiasma. They pass 
into the tract on the same (right) side where they conserve 
the dorsal or superior position. A similar arrangement is 
observed for the direct bundle proceeding from the temporal 
half of the left retina. It is most probable that the fibres of 
the direct bundle, as they penetrate into the geniculate body, 
mix gradually, fibre to fibre, with the crossed bundle so that 


FIG. 25. SCHEMATIC REPRESEN- 
TATION OF THE CONNECTIONS OF 
THE MACUL2 AND VISUAL CENTRES. 
(after Wilbrand). 


It should be observed that each 
fibre of the papillo-macular bundle 
of. the right eye (one of which is 
shown in dotted lines in the 
diagram) bifurcates at the centre 
of the optic chiasma, one branch 
going to the left external geniculate 
body EG, the other to the right 
one. A similar peta nt applies 
to the- papillo-ma undle of 
the left eye. Th tho path of 
the papillo-mac ndle through 


the optic ragi n OR to the 
cortex K is definitely known, 
though th ependent connection 
of each a with both cortical 


O physiological necessity. 


> 
Fic. 25. 14) 


finally there are no XG undles but only couples of 
fibres, each of these Ao S being made of a direct and a 
crossed fibre. 


This fusion nO Cyr does not destroy the projec- 
tion or topogra MOhomology which seems to be one of the 
same in the constitution of the visual path. In 
other wor’ e crossed and direct fibres, now coupled in 
the eS Y body, still correspond, the dorsal ones to the 
upper of the retina, the ventral ones to the lower retinal 
region his, at any rate, is rendered probable by clinical 


Kee for instance, the destruction of the superior part of the 


RY 


et 
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external geniculate body determines anopsia in the corres- 
ponding inferior quadrants of the visual fields. 

Beyond the external geniculate body the cylinder-axes 
proceeding from the cells of this ganglion are united to form 
the inferior or ventral part of the optic radiation where they 
form a bundle (visual bundle) of about 1 cm. in thickness and 
3 to 4 mms. in width; this bundle, which connects the 
geniculate body and the cortex, contains a number of fibres 
greatly exceeding that of the corresponding tract. This 
multiplication occurs in the geniculate body in which the 
terminal arborisations of each retinal fibre correspond’ to 
several cells; there is, therefore, a progressive increase in 
the number of cells and fibres from the eye to the brain. In 
the cortex itself each fibre of the optic radiation is connected 
with several cells. The advantage of this increasing number 
of conductors is that it facilitates association. and it also 
increases the intensity of the centripetal current owing to the 
participation of a greater number of neurons. 
` According to Cajal, this progressive multiplication of 
the number of conducting elements is not in opposition to 
the idea of conductibility through determined and fixed chan- 
nels. . Nor is it in opposition to the projection of the sen- 
sorial surface (retina) onto the cerebral cortex, which he 
regards as one of the fundamental laws of the constitution of 
the nervous system. 

The multiplication in the number of condyctors is, more- 
over, easily explained by the considerati Á the relative 
area of the retina (about 7.5 sq. cms.) ar@e the visual cor- 
tical centre in which the calcarine fire alone, which is 
but a small part of the visual centig(@peasures 18 sq. cms. 

Proceeding by successive elinttMtion and by direct veri- 
fication, the pe od has shown that the 
part of the cerebral cortex Ka to vision is limited to the 
internal surface of the occjtal lobe, that its centre is the 
calcarine fissure and th@)it extends to the cuneus and the 
lingual lobe. All thi ion is characterised by the presence 
in the cortex of tě substance, formed by a plexus of 
myeline fibres plexus of Cajal). These fibres are part 
of the optic Aion, and arborise with star-shaped cells 
occupying,the Tower part of the layer of pyramidal cells of 
the arec ts star-shaped cells are characteristic elements 
of the S al cortex and are the probable seat of visual 
im ns. 

us, after two centuries, modern researches verify 
Y3yon’s postulatum and show that certain groups of cells 
A the cortex receive the impressions proceeding from iden- 
tical points in the retinæ. In fact, it would be difficult to 
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conceive another mechanism for single binocular vision than 
the reunion, at a single point in the brain, of two fibres | 
emanating from the retinal points in the right and left eyes 
which receive the same image from outside. Ji | 
The projection of the retina onto the cortex is most | 
probable in the light of clinical facts and according to Cajal’s 1 
hypothesis that the’sensorial cortical surfaces are the repre- Ni 
sentation of the sensorial peripheral surfaces. The visual iN} 
cortical centre may be compared to a greatly enlarged retina, | 
folded on itself and onto which, owing to the homology of i 

position of the receiving and conducting elements, the images 
formed on the ocular retina are projected. If there is a cor- | 
tical projection of the retina, there must be, a fortiori, a | 
macular centre. Henschen thinks that this centre is located i 
at the anterior part of the calcarine fissure; other authors | 
place it at the posterior part; this question requires further 
investigation. 
There is probably no special centre for the perception 
| 
| 
| 
| 


of colours distinct from the visual centre proper, but there 
are certainly memory centres for certain kinds of visual per- 
ceptions. Cases have been recorded of subjects. who could 
see letters and words without these conveying any meaning 
to their mind. Such cases prove that ‘‘to see” and “to 
understand what is seen ” are two different things, two func- 
tions of cerebral organs, distinct and differently located. The 
visual cortical centre, the position of which we have deter- 
mined, only presides to what we might call sU nscious i) 
vision; it is to its association with other centres@H conscious 


| vision is due. S 

| The visual cortex is not an organ ha a single func- 
tion like the retina, but a mixed or including motor 
elements in addition to its elemen perception. ` The i 
large pyramidal cells of the a , the cylinder-axes of 
which probably terminate in t@ anterior quadrigeminal | 
body, serve to produce the reflex ocular movements, these | 
involuntary movements ose as the consequence of | 
visual impressions. It n proved that the stimulation | 


of the visual cortex de ines ocular movements most pro- 
bably by direct actin the elements just mentioned. 
Fig. 26 gives agrammatic representation of the path 


~ The left half of the diagram shows the 
e starting point in the two left retinz to 
in the cerebral cortex of the occipital lobe. 
The right f represents the reflex optico-motor apparatus. 
The gaien should be carefully studied, as it resumes our 
knawlèđg€ in the matter of the connection of the eyes with 


of visual impul 


its termi 


Os rvous centres. | 
| <V i, 
+ i 

: N | 
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Fic. 26. SCHEMATIC 
DIAGRAM OF THE VISUAL 
ConpDuctors. The true 
visual path is shown on 
the left half of the 
diagram. Its constitution 
results from the respective 
position of the two eyes 
with regard to external 
objects. Thus an object 
moving in the visual field 
in the direction of the 
arrow head forms at first 
a retinal image on the 
nasal part of the right 
retina only, this portion 
of the retina constituting 
a zone of monocular vision 
similar to the whole retina 
of animals which have 
their eyes placed _ so 
laterally on the two sides 
of the eye that binocular 
vision is impossible. The 
portion of the human 
retina alluded to just now 
corresponds to the mono- 
cular part MF of the 
visual field. The bundle 
of optic nerve fibres pro- 
ceeding from this portion 
of the retina crosses in 
the chiasma (crossed 

Fic. 26. bundle), and has the 

peculiarity that it does 

not couple with direct or, uncrossed fibres as is the cas r the portion of 

the retinæ corresponding to the binocular field BF on this reason the 

crossed bundle’ is supposed to end in the extern iculate EG of the 
opposite side, though there is so far no anatomic of of this fact. 


The external object, continuing to move f right to left, enters the 
binocular part BF of the field. Then its į is formed simultaneously 
on identical points of the two halves of the nz which face to the right. 
It becomes then a physical necessity, } er that single binocular vision 
may occur, that the two portions of t be Pet z which receive the image of 
the object be connected with a sa Ofit in the cortical centre. It is in 
this way that the direct bundle n e a new acquisition in animals with 


true binocular vision; the crosse ndle is, from the phylogenic point of 


view, the original one. The j@gtion of a direct and the crossed bundle 
occurs in the external genic ody. This primary centre is, as we have 
pointed out, the true pri al centre from which, according to the data 
obtained by the degene method and the anatomo-clinical method, the 


hood of the calcarfne ure. 

The “pli cour (a French term meaning a “curved fold’’) which 
is represented* C in the diagram, is the motor centre for articulated 
speech. 


fibres of the optic ER proceed to the cortical centre K in the neighbour- 


ptico-motor apparatus is shown on theright half of the diagram. 
optic tract retinal fibres, which we have called the pupillary 
the centripetal path of retino-motor reflexes. These fibres end in 
ior quadrigeminal body AQ which in its turn is connected with the 
nyĉ&dıs of origin N of the third nerve. Corticifugal fibres C f proceeding from 
he)latge pyramidal cells of the cortex K end in the anterior quadrigeminal 
body and are connected with the nucleus N of the third nerve. These fibres 
erve, no doubt, to the production of reflex movements of cortical origin. 
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Association of the Two Visual Cortical Centres. 

This association is most probably effected by the fibres 
of the corpus callosum, the commissure or bridge of white 
nervous matter which connects the two cerebral hemispheres. 
Though the functions of these fibres are not fully investi- 
gated, there is no doubt that they play a part in the associa- 
tion of the reflex movements of the two eyes, when one or 
the other of the visual cortical centres is stimulated. They 
also supply a communication between the right visual cortical 
centre and the associated cortical centre concerned with visual 
memory which, at least in right-handed people, are only 
represented in the left hemisphere. Thus, there is a portion 
of the left cortex, near the fissure of Sylvius, which is termed 
the centre for visual memory of words and a lesion of which 
causes the curious trouble called verbal blindness or optical 
aphasia. Yet, normally, we can read equally well with 
the right halves of the retinæ which are connected with the 
right visual cortical centre. It follows that the latter must 
be connected with the centre for visual memory which is 
located in the left hemisphere, the corresponding portion of 
the right hemisphere being untrained for this function. The 
connection can only take place through the corpus callosum. 

The connections between the visual cortical centres and 
the motor cortical centres which probably occur at the level 
of the basal ganglia and in the cerebral cortex, are not per- 
fectly known anatomically though their existence js physio- 
logically certain. It is proved that the pupil bres of 
the optic nerve pass into the anterior plage body 
and from it into the nucleus of the third pads 

The motor functions of the cortex h been mentioned 
above. It is known that the optic ragi n contains fibres 
which do not serve directly to th smission of visual 
impressions; these fibres extend¢ffem the cortex to the 
anterior quadrigeminal bodies a onstitute motor bundles 
through which the visual aon determine certain move- 


ments of the body and especially of the head and 
eyes. 


ing on the muscularserse, depend also to a certain extent on 
visual ee hown by the case of subjects affected 
with tabes dorsal or locomotor ataxia), a disease depending 
upon HOPE RS the posterior columns of ‘the spinal cord. 
Amongst ON S symptoms - (lightning pains, abolition of 
spinal re AY etc.) tabetic subjects present a loss of mus- 
cular sé and are only able to maintain their balance if 
th their eyes open. With their two’ eyes shut, they 
gO abou and are no longer able to stand upright. 


The fact that aac of the body, beside depend- 
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Let us proceed now with some practical applications of 
what we have learnt so far on the subject of the path of 
visual impressions. 

It is obvious that any lesion interrupting the course of 
the optic nerve in its orbital or intracranial part will cause 
blindness of the eye on the same side. Affections localised 
to the chiasma or occurring in the immediate neighbourhood 
of the optic decussation (e.g., tumours, acromegaly, destruc- 
tive processes in the sella turcica) cause heteronymous defects 
in the field. (Acromegaly is a disease characterised by 
general enlargement of the extremities, especially head, feet 
and hands. It is usually associated with disease of the 
pituitary body, the hypertrophy of which causes a com- 
pression of the chiasma. ‘The sella turcica is a saddle-shaped 
depression in the body of the sphenoid bone lodging the 
pituitary body). : 

Corresponding to the loss of the field on’ the left tem- 
poral or left nasal side, there is a defect of the right field 
affecting the side of the same name. As already mentioned, 
the crossed fibres lie in the lower part of the chiasma, the 
direct fibres in the upper part; hence processes destroying 
or compressing the upper portion of the chiasma destroy 
the function of the temporal halves of the retinz (nasal 
hemianopsia) ; processes destroying the lower portion of the 
chiasma result in a defect of the nasal halves of the retinz 
(temporal hemianopsia). The latter form qs more com- 
mon: and constitutes what Pee AS Is ‘* blinker 
hemianopsia.”’ Çı 
A lesion interrupting a visual tragWīl] cause homony- 
mous hemianopsia.and we have $ y spoken of cortical 


hemianopsia which is also of the nymous variety. The 
diagnosis of the seat of the le n case of homonymous 
hemianopsia is based on pe lary reactions as we shall 
see presently. 


Visual Troubles Occurring Ca al Ee 


Let us first N dy a little more closely the visual 


troubles due to h opsia. It must be clearly understood 
that left (or right) hemianopsia denotes loss of the left (or 
right) halves e visual fields, i.e., anæsthesia of the two 
halretingea@hing to the left (or to the right) and therefore 
situated e right (or to the left) with respect to a vertical 
aes ing through the centre of each eyeball. 
ianopsia may be complete or incomplete, according 
ety loss of vision bears on the whole extent of the homony- 
à S halves of the fields or only on a portion of these 
egions. In the latter case, the defect is more often termed 
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homonymous hemianopic scotoma; the extent of these 
scotomata may be small and not exceeding a few degrees, 
but the essential character of hemianopsia is conserved, 
namely, however small the size of the scotoma is, it occupies 
symmetrical positions in the two fields, i.e., regions which 
coincide in the binocular field. 

Hemianopsia may be absolute or relative; it is absolute 
if the visual function is entirely lost in the affected part; 
relative, if vision is only reduced (hemiamblyopia) or again 
if there is only loss of colour vision, in which case, the defect 
is termed hemiachromatopsia. 

In-complete homonymous hemianopsia half of- the 
binocular field is lost, that is the portion on the right or the 
left of a vertical line passing through the point of fixation, 
but the latter is always in the part of field that is conserved. 
Central vision is therefore normal, and usually subjects are 
not aware of the nature of the trouble; in some cases, they 
are not even aware of the existence of a visual trouble. 

If the two visual fields are recorded separately on the 
usual perimetric forms, it is easy to see that the eye, the tem- 
poral field of which is lost, presents a greater deficiency than 
that of the eye which is deprived of its nasal field; the former 
has lost 90° along the horizontal, the latter 60° or about so. 
This is a consequence of the distribution of the crossed and 
direct bundles; the former (ancestral bundle) innervates about 
the internal two-thirds of the retina, the latter \(acquired 
bundle) the external third of the retina. With sp ct to the 
field, the eye opposite to the lesion is therefor@MgYore affected 
than that on the same side. It is probab r this reason 
that hemianopic subjects generally ref visual trouble 
only to the eye the temporal field of ch is lost, that is 
to the eye opposite to the lesion, y as an animal with 
panoramic vision and deprived offi eft visual centre would 
only be conscious of the blindn@§s of his right eye. 

The line of separation offhe lost part of the field from 
the part that is conserve of importance; this line is 
generally a vertical N: ted through the point of fix- 


tion, the'latter bein ys included in the part of the field 
that is conserved, Qhgther the hemianopsia is right or left. 
In other words, Be the visual field is taken separately for 
each eye and is\xetorded in the usual way, it is found that 
from a poin o 10° above to a point 5° to 10° below the 
the line of separation between the lost field 
and the N erved field follows a half-circular or half-elliptical 
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that in the horizontal meridian it reaches a point 


5° rom the fixation centre towards the lost field. There 
dividual differences in this respect which are attributed 
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to anatomical differences in the relative proportion of the 
crossed and the direct fibres. It is clear that this conserva- 
tion of central vision in a case of hemianopsia is necessarily 
due to a special innervation of the macular region. - Each 
macula, as we have already stated, must be connected with 
both cortical centres, since the destruction of one of these 
centres has no effect whatever on the macule. 

In most cases of homonymous hemianopsia central vision 
is not affected. All the visual functions are normal in the 
portion of field that is conserved; the light sense and the 
limits of colour perception are not modified. Up to quite 
recently, ‘it’ was thought that all luminous perception 
(coloured or not) was abolished in the blind half of the field. 
Dr. Bard, of Geneva, has found it is not so, that hemianopic 
subjects conserve a certain amount of light perception in the 
lost field, and that coloured light is not recognised as colour 
but merely as light. So far, there is no anatomical interpre- 
tation of these facts. 

Incomplete hemianopsia is occasionally observed in the 
form of homonymous anopsic quadrants. Such cases are 
generally cases of complete hemianopsia which, after a time, 
have become reduced to the actual condition. The lost 
quadrants generally extend to the periphery; the apex is a 
few degrees from the fixation point which, as in a case of 
complete hemianopsia, is left in the part of the field that is 
conserved. The acuity is generally normal and the 
symptoms the subject. complains of depe Ni the portion 
of field that is lost; for instance, an indivéshsél in whom the 
left upper quadrant in the field of each is lost would say 
that while reading he cannot see th p left corner of his 
book. It may happen that, ins of two homonymous 
halves of the fields | being, log tomata of various size 
and position may occur. lways occupy symmetrical 
positions on the same si the’ fixation point in the 
recorded field of each w hey are termed hemianopic 


scotomata, their hemia nature being due to the fact that 
they represent the r, næsthesia produced by a unilateral 
lesion of the corte of the optic conductors, a lesion’ which 
reacts on hom@ny¥mous parts of the field owing to the 
Praon semi-ttcussation. These scotomata may be para- 
central ( Bar the point of fixation) and cause a certain 
oe Seer in almost central vision, or they may be 
peripkX¥XS and hardly perceived. by the subject. 

subjective visual troubles occurring in hemianopsia 
geet always well. marked. . Subjects may. be. hemianopic 
\ ut knowing it, but often they are conscious’ of some 
Oyisual disturbance. The hemianope, when looking straight 
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in front, is only able to see objects lying to one side, a state 
of affairs which restricts his free movements in the streets 
or in open places. ‘This is particularly noticeable if he 
walks along that side of the street opposite the defect in his 
field. Reading is difficult, the print appears dull and is 
badly seen either on the right or on the left of the point 
of fixation. The fact that the words following that which 
occupies the point of fixation are not seen is most trouble- 
some in reading and is frequently mentioned by observant 
subjects affected with right hemianopsia. It will readily be 
seen that while right hemianopsia greatly restricts the power 
of reading and writing, the hindrance is not so great in left 
hemianopsia. Hirschberg relates a striking instance of this 
in a Rabbi who was affected with right hemianopsia and who 
was unable to read an English or German text but could read 
Hebrew without a hitch (Hebrew is read from right to left). 

When any of the above symptoms occur, a perimetric 
examination is necessary. It must be understood that the 
subject is generally not aware of the binocular nature of his 
affection ; as a rule, he refers it to the eye the temporal field 
of which is lost. For instance, a patient who does not see 
on the right thinks his right eye is defective; this is due 
to the fact that most people are not aware of the part taken 
by the left eye in vision to the right and conversely. 

Hallucinations in the blind part of the field are frequently 
observed ; more rarely in the seeing part. Subjects see faces 
or animals in their blind fields. Most of the aware of 
the hallucinatory nature of these NA TE ERS IEN hallu- 
cinations have been observed as a sy preceding 
hemianopsia. They have, according to off, a localising 
value, as they are more common in ca here the occipital 
lobe or its immediate vicinity is aff : 

Lateral homonymous ie pee may be caused by all 


lesions interesting the optic p from the chiasma to the 
cortical centre. Thus, we haye“basal hemianopsia (due to 
some lesion in the tract), eK cortical hemianopsia (basal 
ganglia and optic radian @) d cortical hemianopsia (cortex 
centre). Up to recen it was thought that the difference 
between the corticafape the other forms of hemianopsia was 
based on whether,thetine of demarcation passed through the 
point of fixatiog not. This difference is now regarded as 
due to indiyi@val anatomical dispositions and, as far as 
perimetrign imitation is concerned, all varieties of 
hemianods are identical. It is by the study of phenomena 
associatad with hemianopsia, especially the pupillary re- 
ac DQ at we can acquire important, if not always decisive, 
On as to the seat of the lesion. 
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The Pupillary Reaction following a Lesion or a Break at a point in the 
Visual Path. i 


We have seen that there are in the optic nerve and tract 
fibres constituting the centripetal path of the pupillary motor 
apparatus and ending in the anterior quadrigeminal body. 
It. follows that a lesion of the optic path-in front of the 
anterior quadrigeminal body must alter the pupillary reaction 
whereas a lesion in the optic radiation or in the cortex has 
no effect on this reaction. In fact, in the majority of cases 
of hemianopsia and even of double hemianopsia or cortical 
blindness, the pupils act normally unless the condition is 
associated with some lesion of the nucleus of the third pair, 
and this normal reaction occurs whether the sensitive or the 
blind half of the retina is illuminated. Wilbrand and 
Wernicke, guided by the conception of the pupillary fibres, 
think that in those cases of non-cortical hemianopsia in 
which the lesion lies in front of the anterior quadrigeminal 
body (or in front of the point at which the optic path gives 
off the fibres that go to the oculo-motor nucleus) ‘the. pupil 
only reacts to illumination of the sensitive half of the retina 
whereas it does not react to illumination. of the blind half 
(hemianopic reaction of Wernicke). 

In this research of the pupillary reaction considerable 
difficulty is experienced and, owing to this, many authorities 
discount the practical importance of this test. Is it possible 
to localise the illumination of the retina in aer to be sure 
that the seeing half will not be affected by ight directed 
on the blind half? It is evidently easy ta@rm on the retina 
a sharp image of a flame by means proper system of 
lenses, but the image must be fairl ght for the pupillary 
reaction to be well marked; ther¢ hen be some diffusion 
of light (according to the de rée ) pigmentation) and this 
diffusion may affect the sci half. Such is the technical 
difficulty that. many observets regard it as sufficient to 
explain how rare are tl ses in which a clear and well- 
marked hemianopic r n is seen. . Some authors. have 
thought to utilise t G of the patient. If he per- 
ceives a luminos @@®ħsation when the image of a flame is 
formed om the. WliAd retinal half, then the production- of a 
pupillary On might be attributed to the diffusion-of light 
on the seeig part. If on the contrary, he does not. perceive 
the lu Kus sensation, the presence: or. the. absence. of 
Pup reaction. will be quite decisive. -But the fact. dis- 
covesed? by Dr. Bard and mentioned in page.-284, namely, 
t S ene ok luminous sensation in the blind part of 


Mi Cpe field, complicates the question. 
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From all the observations published up to now, it seems 


that the hemianopic pupillary reaction is a rare phenomenon, 


but its existence cannot be denied, and if it is possible, in a 
given case of hemianopsia, to observe clearly hemianopic 
immobility or even only hemianopic sluggishness of the 
pupil the. fact. may be .regarded as evidence of basilar 


hemianopsia. But the absence of this reaction (i.e., conser- 


vation of the pupillary reaction for the whole retina) cannot 


justify the rejection of the diagnosis of basilar hemianopsia 


for the reason stated above- (possible diffusion of light 
especially in little pigmented eyes). 

Some well recorded observations are interesting. Ina 
case described ‘by .Samelsohn, there was -no. absolute 
hemianopsia but only hemiachromatopsia; the post-mortem 
examination- showed ‘a, glio-sarcoma of the tract which com- 
pressed the fibres without destroying them; the radiation and 
the cortex were normal..In another .case’ recorded by 
Leyden, that of an old woman:suffering from left hemiplegia 
with left ptosis and deviation of the eyes to the right, there 
wasa left hemianopsia with well-marked hemianopic pupillary 
reaction ; the pupils: only contracted when the left half -of 
either retina was illuminated. During life, the lesion was 
supposed to be in front of the anterior quadrigeminal body 
and the post-mortem showed a softening in the region of the 
tight cerebral peduncle extending to the visual tract on the 


same side. Hemiplegia is often associated with hemianopsia 
of basilar origin. | The same lesion which cesses or 
destroys the ‘tract may act on the cerebral uncle and 


cause hemiplegia which is crossed with res 
and. therefore situated on the same side 
the visual field. 

We have seen above that the qR geniculate body is 
the only true basal centre containingyvisual. fibres. and it fol- 
lows that: only a lesion of g ganglion may cause 


hemianopsia. It may happe owever, that hemorrhages 


of the pulvinar compress th iculate and cause anæsthesia 
of the superior homon quadrants of the. two retinæ; 
i.e., anopsia of the hoNẹñymous inferior quadrants of the 
fields. These trou e generally temporary and, amongst 
all the possible lesi of the base, only a complete destruc- 
tion of the ¢ nal. geniculate can cause persistent 
hemianopsia. 


As we already stated, the term cortical hemianopsia 
applies Nese cases of hemianopsia due to destruction of 
the carticdl visual .centre at: the internal surface. of. the 
ce lobe. Lesions. of the convex or outside surface of 
theo be may cause visual troubles but only if they penetrate 
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deep enough to section the optic radiation. © As a rule, 
cortical hemianopsia is rarely found without any other 
cerebral symptoms. It is often due to arterio-sclerosis which 
may extend to several arteries and, of course, a tumour may 
constitute a single localised focus. 
To resume what has been said on the subject of 
hemianopsia. If the continuity of the left optic tract is 
interrupted at any spot, the left halves of the retinæ would 
be cut off from their connection with the left cortical centre 
so that the right half of each visual field would be wanting, 
or in other words objects situated in the right half of the 
binocular field would not be seen. The condition is termed 
right hemianopsia; likewise, an interruption in the con- 
tinuity of the right optic tract leads to left hemianopsia, i.e., 
to the suppression of the left half of the binocular field. 
This type of hemianopsia is called homonymous or lateral. 
It is termed right or left according as the right or left half 
of the binocular field is wanting. Such hemianopsia would, 
of course, occur if the lesion did not affect the optic tract 
itself, but a spot higher up on the visual path, i.e., the 
external geniculate body or the optic radiation or even the 
cerebral cortex. It follows that homonymous or lateral 
hemianopsia is always indicative of a lesion affecting the 
central part of the chiasma and upon the same side as the 
blind halves of the retine. 
If there is a loss of the pupillary light reflex when light 
is thrown upon the blinded portion of the re (Wernicke’s 
hemianopic pupillary reaction, or rather, ifietfon) the break 
in the path of conduction must lie bel e spot at which 
the fibres to the oculo-motor nucleu given off, ie., it 
must lie in the optic tract, but if pupillary light reflex 
is intact the lesion is to be loc igher up; it most often 
lies to the ventral portion KO internal capsule or still 
higher in the fibres running om the capsule to the occipital 
cortex or in the cortex i . For the reasons stated just 
now Wernicke’s pupiliga&eaction is difficult to demonstrate, 
and many ehor O test its value as a means of 
He a 
lesion gQ chiasma may cause heteronymous 

ATRA he chiasma is divided by a sagittal section 
into a oT Qd a left half, all the decussating fibres are 
severed on- decussating ones being left intact. Since 
the d Me or crossed fibres innervate the nasal half of 
eachN@na, these portions would be thrown out of use and 
thy& the outer or temporal half of each visual field would be 

essed. The form of defect is therefore called bitem- 
Qporal hemianopsia. It occurs when, as the result of an 
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inflammation or of a tumour, the chiasma suffers from a 
lesion situated mainly in its mesial line and in its lower 
part. The very rare nasal or binasal hemianopsia in which 
the nasal half of each field is abolished is caused by a lesion 
involving the right and left sides of the chiasma especially 
in the upper part and leaving the central portion intact. 

In homonymous hemianopsia it is the rule that the 
binocular field of vision is not exactly divided in halves, the 
line of separation bending out a little near the point of fixa- 
tion so that the conserved portion of the field always includes 
the macula of each eye. Hence, if there exists a bilateral 
hemianopsia due to a lesion in both the right and the left 
cortical centres, the combination of the visual defects on the 
two sides does not generally give rise to complete blindness 
but leaves intact, right in the centre, a very small central 
visual field corresponding to the fovea centralis of each eye. 

Hemianopsia in the widest sense of the term exists not 
only when an entire half of each visual field is lost, but also 
when there is a deficiency which, though smaller, occupies 
a symmetrical position in the field of each eye. In such a 
case there is a lesion of the optic fibres above the chiasma 
but a portion only of all the fibres of one tract or its con- 
tinuation to the cortex is destroyed. 


Mind-Blindness. 


Right hemianopsia is often associated, like right hemi- 
plegia, and for the same reason, with variou ‘a bles of 
speech, verbal blindness or optical aphasia, e~ In ‘order 
to understand this part of our subject, we ear in mind 
what has been said (page 81) on hee ter of cerebral 


localisation. 

One of the earliest known case YNocalisation of func- 
tion in the cerebral cortex is re he centre for speech. 
It was discovered by Broca, w ound that patients who 
had exhibited a curious inability, to pronounce definite words 
or syllables during life versed after death, to have suf- 
fered from disease or inn@of the third frontal convolution 
on the left side of th ain, immediately above Sylvius’ 
fissure. Hence this(pah of the cortex is called Broca’s con- 
volution; the disorder itself is known as aphasia. It may 
take different fot from complete inability to speak to an 
inability to, certain words and therefore to speak 
dis centre is, unlike most of the other cortical 


“ 


coherently Ñ 
centres, urNteral, being situated in the left side of the brain. 
A ject affected with aphasia in its most typical form, 
is wnaQle’to express himself in words, either spoken or 
Òn. and this inability may be of any degree from a 
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transient or occasional misuse of a word (such as most people 
‘have experienced after hard mental work) to a habitual mis- 
use of words or to their complete loss. . The names of 
persons and of concrete things are the first to go; the verbal 
symbols of complex and abstract ideas cling closer and 
longer.’ Such an affection is termed motor aphasia and its l 
subjects, though possessing ideas, cannot emit them for want 
-of words or emit them in wrong words; ‘‘the ideas have 
-no clothes to go out in, or they go out in the wrong clothes ” 
(Waller). It is this form of aphasia which has been found 
‘associated with disease of the left third frontal convolution. 
"o" The term aphasia is also applied to a form of the disease 
in which the patient can express ideas in monologue but 
| cannot answer questions, this inability being due to the non- 
| ‘recognition of the words that he hears spoken or sees written. 
The defect may vary from a transient absent-minded pause, 
such as occurs in the experience of most people, to the com- 
‘plete blank non-recognition of words. Such an affection is 
‘termed sensory aphasia and is also spoken of as word-blind- 
| mess or word-deafness according as the subject fails to recog- 
| nise words by sight or by sound. It is found associated 
| with disease of the visual or auditory regions of the cortex, 
| i.e., of the occipital or the temporal regions. 
E Since Broca, it has been found that in the speech zone 
| there are different centres, centre of auditory images of words, 
| ċentre of visual images of words, etc. The various forms of 
| motor or sensory aphasia may result from ee or com- 
bined lesions of these centres or from le Se vhich, though 
respecting these centres, isolate them f other parts of the 
‘brain with which they are normall ociated. 
A case recorded by Dejerine Xhost instructive. Man 
68 years of age, up to then i health, has suffered for 
| a few days with numbnessgatd/weakness of the right arm 
| and leg. Suddenly he ingine can no longer read a single 
e 


| word, though he distingyiSHes objects and persons and has 
| no difficulty in spealgn@and writing. His acuity is 8/10 

and he has right ey psia. The patient does not recog- 
' nise letters ier indness) or words. To him, A is an 
| éasel, S a sn etc. He can with difficulty recognise a 

letter by dr G2 its outline by gesture; the muscular sense 

awakens HOnemory of the name of the letter. He can 
| copy a Q y drawing the letters (more or less incorrectly) 
Mi | but Ot read what he has written. He can write under 
‘dictaQen, but is unable to find out the mistakes he has made; 
H refers to write with his eyes shut as otherwise he is 


nfused. From memory and spontaneously he can write 
Ò what he likes, but again, he cannot read what he has written. 
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_ Thus, we find in this case right hemianopsia and pure 
‘verbal blindness. The power of writing under dictation and 
Spontaneously is conserved. The subject can copy a letter 
by drawing, but he does not understand what he writes, a 
symptom which corresponds to verbal blindness. There is 
also musical blindness; the subject can no longer play at 
sight. He can read figures and. do calculations quite 
normally, The intelligence is perfect. The condition lasted 
for four years without modification; then, right hemiplegia 
occurred, the subject becoming completely aphasic and no 
longer able to write, though his intelligence was still normal. 
He died in a coma a few days later, 
The post-mortem examination showed: (1) ‘An old 
softening of the apex of the occipital lobe and of the lingual 
and fusiform lobes; (2) a focus of recent softening in the 
postero-inferior part of the parietal lobe. The microscopic 
examination showed atrophy of the lingual and fusiform 


lobes; interruption of the internal part of the radiation ; 


destruction of the big longitudinal inferior association 
bundle. 

The first two lesions explain hemianopsia and the 
destruction of the radiation completes what the cortical lesion 


‘might have been unable to do in order to produce complete 


hemianopsia. The verbal blindness, i.e., the loss of the 
power of reading and therefore of copying, with conserva- 
tion of the faculty of writing spontaneously and u 
tion, seems to imply an interruption in the pat 
associating the visual cortical centre to the tre of the 
visual memory of words, located in the spe one. As the 
anatomical examination shows an interru xO in the temporo- 
occipital association bundle, it is e9 obabie that this 
t 


bundle is the path of eech erg ween the cortical 


visual centre and the speech centres 

The subject of visual mem and mind-blindness is 
one of the most interesting paxs@pof the study of vision. For 
the successful performanc he function of vision it is 
essential not only that thar s should be healthy in structure 
and function, but alsg-t@? the brain should co-operate har- 
moniously in interpretihg the impressions made upon the 
sensory organ. Të perfect performance of the visual act 
may therefore be-warded as the result of the combined and 
harmonious ao@NĦfy of eye and brain. 

The aN , aS we know, an optical instrument so con- 
structed thaNa picture of the portion of the external world 

ES the field of vision is thrown upon the layer of the 


reti nstituting the sensorial epithelium (layer of rods 


an es). The rays of light striking upon the rods and 
wv’ 
aN 
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cones set up changes, probably of chemical nature, which 
f give rise to the production of what we have called nervous 
| impulses. These impulses are carried along the visual path 
(optic nerve, tract, etc.) to a special region of the brain 
cortex, namely, the occipital lobe, where they are brought 
into the sphere of consciousness and appear as variations of 
light, form, and colour. 

The optical aspect of vision has long been studied with 
great attention, but the cerebral or mental aspect of vision 
had not received the same attention up to comparatively 
recent years. Yet the brain contributes to each visual act 
quite as much as the eye itself, and there are many visual 
defects in which the eye is perfectly healthy and where the 
lesion lies in the cerebral centres of, vision. We should not 
forget that we see with our brain as well as with our eyes. 

The important part the brain takes in the intelligent 
' exercise of vision is clearly shown by the reports we possess 
of subjects who have been completely blind from birth owing 
to a congenital cataract and who have been operated upon 
successfully after reaching maturity. 

We borrow the following details from the interesting 
monograph on ‘‘ Letter-, Word- and Mind-Blindness,”’ pub- 
lished by Dr. Hinshelwood, of Glasgow. We have to go 
to the early part of the century for the record of such cases, 
| as we have mentioned just now, since at present subjects with 
| congenital cataract are generally operated won in infancy. 
| 
| 


Wilbrand gives an interesting series of 
a study of these it is manifest that visi 
word was not possessed by these p 
| the removal of the opaque lens, y 


our sense of the 
s immediately after 
ch prevented the rays 

of light from reaching the reti ven when the operation 
has been completely succ Ky) and clear images of the 
objects in the external worgerere thrown on the retina, such 
| retinal images did not at Wst convey much information to 
| these patients, who habeen born blind. The brain had 
| yet to learn to interge meaning of these retinal pictures. 
The patients had arn by repeated experience and by the 

confirmation g other senses, particularly of touch, to 

l| distinguish dNirent objects in the field of vision from one 
|| another. * first they had no conception of the distance ) 
and size(Q@P the objects around them. It was only after a 
time’ by exercising their other senses, particularly touch, | 
OAN y began to realise the relative size of objects and their | 
attve distances. They gradually learned by repeated 
NO erience that the image of an object diminishes with dis- 
ance and increases with proximity, and thus gradually 
acquired some idea of perspective. Nor could they at first 
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| 
recognise by sight alone the objects which were presented | 
for their inspection. They had yet to acquire a visual 
memory which, as we shall see, gives us the power of visual | 
recognition. Hence it was only after repeated experience, i 
after they had acquired a sufficiently varied stock of visual i | 
memories, that they began to recognise objects by sight ` ij 
alone. | | 

These patients, however, having come to years of | 
maturity, learned to interpret the meaning of their retinal 
pictures much more rapidly than the child does after birth. 
They started with fully developed brains, with all their other 
senses highly educated, and with a knowledge of the external 
world derived through the medium of their other senses. 
This sensory knowledge already possessed by them con- 
firmed, corrected, and deepened the impressions of the i 
external world derived from their newly formed visual 
sense. 

The child after birth is much slower in building up his 
visual knowledge of the external world, because he has as 
yet no sensory knowledge of it whatever, and all his senses 
have to be trained simultaneously. It is some time before | 
the infant learns even to fix his gaze on a given object. At | 
first the eye is constantly wandering in restless fashion from 
object to object and the act of fixation, of directing the eye 
to a definite object and of keeping it in the field of vision 
for some length of time, is only gradually acquired by the 
child. It is only then that clear images of ext objects d 
will be fixed sufficiently long upon the retina nable the | 
higher visual centres in the brain to take cag a of and 
register these visual impressions, and th y the founda- 
tions of that visual memory which, as shall see, plays 
such an important part in every vi ct. Amongst the 
first impressions stored in the child’SsAsual memory are the 
faces of nurse, of parents, and tl coming into daily con- 
tact with him, and very soon Seay to distinguish them 
from all others. But it is onsiderable time before he 
acquires any exact tw f locality and distance, and 


———— 
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if we watch an infant w see how he gradually elaborates 
his knowledge of the nal world by comparing his visual 
impressions with th®4nformation simultaneously derived 
through his othé nses. The child looks at an object, 
moves his hang@)intil after several vain efforts he manages 
to grasp it he probably will feel it all over with his 
hands, mAN ing it to his mouth, suck it with his lips, or 
lick it AN is tongue. If the movement causes any sound, 
we cO e that the child is taking cognisance of it. The 


f chilis thus daily gathering information about the external 
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world simultaneously through the medium of all his senses. 
The ideas of locality, of the relative size and distance of the 
various objects in our visual fields, are thus gradually 
elaborated and. built up by continuous observation and 
experience. 

The picture of the external world thrown upon the 
retina is a picture upon a plane surface of two dimensions, 
and yet the brain has trained itself to translate this into a 


picture of three dimensions, imparting to it the conception 


of depth and arranging the different objects in the field at 
their relative distances from the eye of the observer. The 
action of the ocular muscles, the degree of contraction or 
relaxation of the muscle of accommodation, the apparent size 
of known objects in the field of vision, all these elements 
combine to enable us to form a correct judgment of the posi- 
tion, size and distance of the different objects. in our fields 
of vision. Such knowledge is only acquired slowly and 
laboriously by the human being. ` 

In every visual act, therefore, there are complex mental 
processes involved; and a series of judgments arrived at, 
before we are able to interpret correctly the picture of the 
external world thrown upon the retina. But besides the per- 
ception of the position, size and distance of the various 
objects in our field of vision, the brain makes a further con- 
tribution by enabling us to recognise the different objects. 
This is accomplished through the medium ‚of the visual 
memory, that is, through the power of c aring present 
visual impressions with the memories impressions, 
which have been preserved in the brai his aspect of the 
visual act has met wih, compara BAY itl attention nor 
has it been studied with the care 1 the great importance 
of the subject fully mèrits. ` 

Our senses are not on Coie of being acted upon 
by stimuli from the exernajuvord but the sensations thus 
produced, if sufficiently yivid and sufficiently prolonged or 
frequently repeated, | Qı in the brain permanent impres- 
sions, which are ar ed and recalled into the sphere. of 
consciousness at will of the individual. This possibility 
of preserving reproducing at will past sensory impres- 
sions, commgnty called memory, is an essential condition for 
human pies, otherwise our knowledge of the external 
world w not increase by prolonged experience of it. But 
the of clinical experience and mental pathology have 
cleaN)demonstrated that memory does not exist as a special 

lty or unity, but that there do exist individual or local 

ories, e.g., memories of vision, of hearing, of touch, of 
taste, of smell, of muscular movements, and so forth; that 
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whilst all these forms of memory are intimately connécted 
with each other, yet they are perfectly distinct and inde- 
pendent of each other, so that any single form may be 
enfeebled, entirely lost or developed to an abnormal extent 
without any of the other forms exhibiting any corresponding 
modification. Pathology has further shown that each of 
these forms of memory occupies a distinct area of the cerebral 
cortex. Of these special forms of memory; the. visual 
memory contributes a most important factor to. every. visual 
act by enabling us to recognise the various objects in our 
visual field as to their identity, character and qualities. 

Schroder has expressed with great clearness certain: con- 
siderations, which of themselves suggest the improbability 
of the same sensory cells being the actual seat of visual per- 
ception and also of recording and storing up these 
impressions. . 

‘““If the visual perceptive centre in the brain,” he says, 
‘Sis to be relied upon as giving us a true pérception of the 
external world, then the sensory impressions produced in 
these cells must be pure and unmixed, i.e., must be pro- 
duced only by the stimuli conducted by the optic nerve ‘fibres 
from the retina. It is evident that if this same centre and 
these same cells were employed both in receiving present 
impressions and in preserving them, that the actual percep- 
tion would be modified or altered by the voluntary-or in- 
voluntary activity of the past visual impressions. «Further; 
the visual impressions must remain in this ceg{ejonly. so 
long as the external stimulus is present, and Sacer 
immediately after its withdrawal and so re possible the 
perception of fresh visual impressions. KC hus a necessity 
that the visual mechanism in the brain t be twofold. It 
must be able to give us the pure GR Motion of external 
objects and this perception must r&mà only so long as it is 
excited by the stimulus of the nal object,’ but another 
mechanism must be present, wpprein these visual impressions 
are retained but with dimini intensity, so that they can 
be readily distinguishe Ne real visual impressions pro- 
duced by external stim and these impressions or images 
must be stored up, E) at at any future time they can be 
called into conscigustféss and compared or contrasted with 


+ 


present visual ptions.” 

seems a st one for the existence of two distinct centres 
in the brà `a visual perceptive centre, the cells of which 
are acted\upon only by present external sensory stimuli and 
a vis emory céntre, in which are retained the memories 
of i visual impressions. The facts of clinical experience 


On RES eoretical grounds, therefore, the argument 
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confirm, in the strongest manner, these theoretical views. 
As to the nature of the impressions received and preserved 
by the nerve cells in the visual memory centre, we can form 
no idea. Neither the microscope, nor chemical reagents, 
nor histology can reveal to us the modifications in the 
cerebral cells which ‘make possible the retention of past 
visual impressions, yet consideration of the mental processes 
involved in vision makes it clear that a visual memory, a 
storehouse of past visual impressions, has a real existence. 

Although every human being endowed with the 
sense of sight possesses this visual memory, yet it is 
possessed in very different degrees by different individuals. 
Some people retain their visual impressions in such a 
peculiarly vivid way that they can, after long intervals of 
time, recall and accurately describe the details of a landscape 
or of a picture, or the peculiarities of a face, almost as if 
they had it before them. Others possess this power only 
in a much feebler degree. Francis Galton in his interesting 
work, ‘‘Inquiries into Human Faculty,” made a careful 
investigation into the powers of visual memory possessed by 
one hundred different individuals, and found the most 
astounding ‘differences. 

Some people in committing a passage to memory do so 
by means of their visual memory, i.e., when they recall it 
afterwards, they actually see the words, while others do so 
by means of their auditory memory and en recalling a 
quotation, they hear the words. The wey: have been 
called ‘‘ visuels,” and the latter “ V Galton gives 
a very good example of a powerful vis emory. He says 
that he has met with many cases of ns mentally reading 
off their manuscript, when they making speeches. 
"A very remarkable exanyyoF vividness of visual 
memory for form and colo reported in Dr. Edridge- 
Green’s book on memory a@qNts cultivation. ‘ The follow- 
ing,” he says, *‘ was rel to Abercrombie by Dr. Duncan, 
of Edinburgh, who oya it on the spot and saw both 
pictures. In the QI of St. Peter, at Cologne, the altar 
piece is a large ae) Valuable picture by Rubens, represent- 
ing the marty€d of the Apostles. This picture having 
been carried away by the French in 1805, to the great regret 
of the inhag fnis, a painter of that city undertook to make 
a copy, S from recollection, and succeeded in doing so in 
such nner that the most delicate tints of the original are 
preseNed with the most minute accuracy. The original 
garying has now been restored but the copy is preserved 
along with it and even when they are rigidly compared, it 


| Òir scarcely possible to distinguish the one from the other.” 
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_ Horace Vernet, the famous French artist, was said, after 
looking attentively at.an individual for a few minutes, to be 
able to paint a good portrait of him without ever seeing him 
again. 

These are examples of the great vividness and precision 
which the visual memory occasionally attains. But though 
there are very different degrees of retentiveness of visual 
memory, still every human being endowed with vision pos- 
sesses it, and makes constant use of it in the recognition and 
interpretation of the objects which come within his field of 
vision. 

When we recognise a friend in the street, we do so by 
comparing the present retinal impression with the visual 
memory of him, which exists preserved in a special area of 
the brain. When our friend is not present, we can call this 
visual memory at will into the sphere of consciousness and 
survey it just as we would an actual picture. ; 

When we recognise a landscape which we have not seen 
for years, we do so also by comparing the retinal picture of 
it with the picture in the brain produced by the visual impres- 
sions of years ago. When we recognise at a glance the 
character and uses of all the familiar articles around us, this 
is also done by comparing the retinal picture withthe pictures 
stored in our visual memory and accumulated by our life 
experience. In short, whenever the act of recognition of an 
object falling within the field of vision takes place, this is 
accomplished by the exercise of the visual VELTS 
thus evident what an important part the visua mory plays 


in each visual act. & 

We are apt, however, to forget that intelligent exer- 
cise of vision involves such complex ral processes, the 
easy and rapid accomplishment of is the result of long 
years of incessant training. Th t complicated cerebral 
processes through continuous gotice are carried on with 
such ease and rapidity that Ahe¥ become transferred to the 
region of unconscious cer ion. Hence, it is only by a 
course of reasoning andag@gtysis of the method by which our 
visual knowledge of PNS era world is gradually acquired 
that we arrive at conception of the processes actually 
involved. But w disease disturbs the perfect adjustment 
of the complexyt@tebral mechanism, it often enables us to 
catch a glim f the processes which are constantly at work 
in this mxs@rfous region of unconscious cerebration. 

We e studied the visual memory by analysing the 
visual.Act and by observing the way in which our visual 
kno e is slowly and laboriously acquired. In a previous 
& graph we have quoted a few typical cases showing how 
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disease, interfering with the harmonious working of the com- 
plex visual mechanism, produces phenomena at first startling 
and apparently inexplicable, but a more careful study shows 
that these phenomena are not only in harmony with our 
knowledge of the complex processes involved in vision, 
but throw much additional light on the subject. 
~~ There is little doubt now that the cortical centre for 
optical. memory is different from the true visual cortical 
centre, the latter being located, as we have shown, in the 
posterior part of the occipital lobe, while the memory centre 
is in the neighbourhood of the visual centre but not exactly 
coincident with it, and is located in the left hemisphere, the 
corresponding part of the right hemisphere remaining 
untrained for the function considered. 
Mind-blindness or psychical blindness may occur in 
different forms. There may be total mental blindness, in 
which case the subject does not recognise anything though 
he sees objects; he is in the condition of a very young infant 
in whom the retinal images, though perceived by the cortical 
visual centre, do not determine the ideas or sensations they 
should. normally awaken.‘ From what we have said before, 
the defect is obviously due to a lack of development or 
adaptation of the centre for optical memory and the fact 
that this psychical blindness is occasionally observed is a 
sure proof that the cortical centre is different from the centre 
for optical memory. In some cases sg 2 be what is 
called verbal blindness or alexia, or again, *@ptital aphasia. 
In verbal blindness or alexia a wri or printed text 
has no more meaning for the subject if it were written 
or printed in a foreign language. X$ The subject may be 
aware that he sees a text and urn it the right way if 
it is shown to him upside d but occasionally he may 
not even be able to do that oF in any case, he cannot read 
it. The trouble may beaņoħ the letters only which are not 
recognised (literal blind or, if the letters are recognised, 
the faculty of grou hem into syllables and words is 
lost (syllabic or ve lindness). The subject may some- 
times manage t by following the outline of the letters 
with his finger,“ which case his muscular sense comes to 


‘the: rescues 2% e has to copy a text, he will do so as if he 


were dra it. Reading print may be possible, while 
music oe though, in the latter case, the visual memory 


for | and words is conserved. 

hese facts point to the existence of separate memory 
Dr s in the neighbourhood of the true psychical visual 
Cyentre in the posterior part of the occipital lobe in the left 
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hemisphere of the brain. Lateral right hemianopsia is 
generally found in all cases of purely verbal blindness. 

In optical aphasia the subject recognises objects, their 
use and their properties, but has lost the power of naming | 
them. In such cases, the defect is due to some disturbance | 


in the portion of the cortex we have described as Broca’s 


convolution, which is concerned with the production of the 
movements necessary in articulated speech. 


Association of the Two Eyes in Binocular Vision. i 
We shall conclude our study of the nervous apparatus l 

of the eye by a brief investigation of the association of the 

eyes in binocular vision. The lower vertebrate animals 

have eyes so laterally placed on the sides of the head that 

their two visual fields are completely independent without 

any trace of the overlapping constituting the binocular field 


Fic. 27. Diagram (after 
Cajal) to show the lack of 
congruency which would 
result from the mental or 
cerebral projection of the 
retinal image -of the two 
eyes on the assumption that 
there is no chiasma, i.e., 
no crossing, .e{ther partial 


or total, two optic i 
paths. È | 


& a 


x 


FIG. 27. N 
in man and in the higher ae n such animals with 


separate fields there is no doub t the right eye sees what 
| is to the right of the median/jne, the left eye what is to the 
left, and the field of the rig re is simply juxtaposed to that 
of the left; this is the J¢ f vision that has been termed 
panoramic vision by Wer Now, in those animals, -the 
crossing of the opie fetves is complete and we owe to Cajal 
an explanation of “fis crossing which, though theoretical 
is, however, of. at interest. 

Let us ose for a moment that there is no chiasma 
and hans optic nerve of each eye is connected to the 
| optic ce in the brain on the same side (fig. 27). Owing 
| tc the\nversion caused by the dioptric system of each eye; 
the retinal images transmitted to the optic centres are 
d@yordant, and itis difficult to see how the brain of the 
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animal could reconstruct a continuous impression from the 
projection of such discordant images. 

But really, there is a chiasma, i.e., a crossing of the 
nerves (fig. 28) which connect the right retina with the left 
optic centre, and conversely. The lateral inversion is cor- 
rected, the two fields continue one another, and the nervous 
centres receive the impression of the whole object. 

In panoramic vision, the total visual field formed by the 
juxtaposition of the two monocular fields is thus very large, 
but it is probable that the sensation of relief and depth is 
rudimentary, if not altogether absent. 

In those animals which, owing to the convergence of the 
visual axes, have a common field, vision gains in quality, 
especially by the perception of relief, what it loses in extent. 
The two retinz instead of receiving images having no com- 
mon point, receive the same image, at least in the common 


Fic. 28. Diagram (after 
Cajal) showing the effect of 
the total crossing of the two 
visual paths in animals (low 
mammals, birds, reptiles and 
fishes) with panoramic vision, 
i.e., animals with two inde- 
pendent visual fields, but 
without true binocular single 


vision. Owing to the 
crossing of the visual paths 
in the ma, the two 


menta RA projected images 


are Arie ren form a 


co ous whole. 


XS 
Fic. 28. OX 


portion of the two visual fiel the extent to which the two 
fields overlap increasing witkAhe degree of convergence of 
the visual axes, as, for rg he from the rabbit to man, 


passing through the the cat, the horse. At the same 


time, anatomy show rect bundle, very small in the rabbit, 
very evident in g and cat, and more important still in 
the higher monkg¥s and in man. The relation between 


. 


binocular viqiGy and the direct bundle, already mentioned 
by Newton} easy to understand by reference to Cajal’s 
diagram QF. 29). 

WS the eyes are directed forwards on the same object, 
it ig ¢lear that the homonymous halves of the retinze (that is 
ney o right halves or the two left halves) receive respec- 
ivély the image of the same half of the object. In order 
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that diplopia may not occur, these two similar images must 
be transmitted to the same point in the brain when fusion 
will be produced. By an old ancestral disposition, the nasal 
half of each retina is connected with the opposite hemisphere; 
it is therefore necessary that the half of the other retina, 
which by its relative position is simultaneously impressed 
(i.e., the temporal half), be also connected with the same 
hemisphere, thus giving rise to the direct bundle; this bundle 
will carry to the brain the same part of image as the crossed 
bundle of the other retina. This is a physiological necessity. 
How the function has created the organ, by what 


Fic. 29. Diagram (after Cajal) 
showing the formation of a mental 
image by the synthesis of the pro- 
jected retinal images transmitted to 
the cerebral centres by the two optic 
nerves and tracts in man, and in the 
higher mammals having a visual field 
common to the two eyes (ie, a 
binocular field). dd represent the 
uncrossed or direct bundles of the 
optic nerve; cc the crassed bundles; 
gg the external gemigulate bodies 
which are connecte ith) the cortical 
visual centres by Cy ptic radiation. 


Q 
Dhe convergence of the axes has 
determined the form of a direct bundle, we are far from 
knowing at the préseșť time, though the Darwinian explana- 
tions are extremely attractive. 


mechanism a modific 


In any ca As soon as the homonymous regions of the 
two retinz ive the same image, it is necessary that a 
crossed le and a direct one may transport these identical 


image YS he same point of the cortex where they are fused 
intgeg nal sensation. Hence, a second physiologic neces- 


the constitution of the cortex, namely, the existence 


oral (termed isodynamic by Cajal) in which the couples 
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or groups of optic fibres proceeding from identical points of 
the retinæ must end. Such is probably the anatomical con- 
dition for single binocular vision, 

In’no vertebrate is the superposition of the two fields 
complete. Even in man, the sum of the two monocular fields 
is appreciably larger than the binocular one. (The latter 
measures 120° horizontally, whereas the sum of the two mono- 
cular fields is 200°.) On either side of the binocular field 
there is, therefore, a zone of about 40° which is seen only by 
the nasal edge of the corresponding retina. This zone is all 
that is left, in higher animals and in man, of the panoramic 
vision of lower vertebrates. 

The corresponding bundle of the optic nerve is part of 
the crossed bundle, but it is characterised by the fact that 
its fibres are not coupled with direct fibres and must end in 
a special centre in the cortex which does not possess the 
histologic disposition required for fusion. 

In the crossed bundle, therefore, there are two parts, the 
more important one, which is coupled with the direct bundle 
of the opposite eye, carries to the brain the same fragment 
of images as this direct bundle; it is the portion of the crossed 
bundle serving to binocular vision. The other part, much 
smaller, proceeds from the extreme nasal edges of the retine, 
and carries to the brain the images of objects located at the 
extreme temporal limit of the field; these objects are seen 
monocularly. This second part is the bundle of panoramic 
vision; its connections with the centres m S similar to 
‘that of the optic nerves, which, being copy etely crossed, 
serve to produce panoramic vision animals. The 
panoramic bundle, very reduced in is more important 
in those animals (ass, horse) havj semi-panoramic and 
semi-binocular vision. In these als the fields only coin- 
cide by their nasal halves, th oral halves being mono- 
cular and therefore connectedgahshe opposite hemispheres by 
a crossed bundle not a ed with a direct one. If we 


as 


suppose in such a case ilateral destruction of the visual 
path beyond the PS ere will be a peculiar hemianopsia 
in which the lost tem yeral field (crossed bundle) will be very 
large and the nq@SaMeld (direct bundle) very small. 

This ineqyah¥ of the surfaces of the hemianopic fields 
is found in , but to a less extent; the lost temporal field 
is almost Qays larger than the nasal field because it in- 
cludes AN inocular part exactly equal to the nasal field and 

Mor border corresponding to the extent of the 

pa mic field. It is to the individual variations of the 

Q mic field that the relative differences of extent in the 
Pind fields in various cases of hemianopsia are due. 
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THE ORBITAL CAVITY: AND ITS CONTENTS. THE 
EXTRA-OCULAR. MUSCLES. 


The Orbits. 


The eyeball lies in the bony orbital cavity of which it 
only occupies a part, the remaining space being filled with a 
semi-liquid fat which forms a bed for the eyeball and serves 
to protect the delicate organ of sight: from traumatism, 

The skull generally is made up of a number of bones 
united to each other by sutures which allow no movement 
to take place, the only exception ‘to this rule being that of 
the lower maxillary bone or lower jaw which is connected 
with the rest of the skull by a movable articulation or mov- 
able joint. Two distinct parts are recognised in the skull, 
namely (a) the cranial cavity which, as already stated, is in 
communication with the central canal of the vertebral 
column, these two cavities being occupied by what we have 
described as the brain and the spinal cord; (b) the face, the 
bones wf which, including the inferior maxillary, are 
attached to the inferior surface of the anterior half of the 
cranium, from which they are partially separated by. the 


orbital cavities. 
If possible, the reader should have a BUAN front of 
him while studying this portion of our subj and should 


handle it so as to gain a clear idea of its ture. All the 
openings or foramina should be explo Ò; wires so that 
it may be ascertained into what regi ey lead. For those 
readers who cannot have the us kull, we have pro- 
vided two stereoscopic pictures ciie first is a photograph of 
the whole skull (minus the loweň®rhaxillary) cut by a vertical 
plane so as to show the or and cavities of the face; the 
other ‘plate gives a stere ic view of one of the orbital 
cavities taken to a larg le. (See stereograms I. and II.) 

From an actu del, or from the plate referred to 
just now, it will beNs€en that the anterior part of the skull 
includes parts doth cranium and face. Its upper part is 


formed by Aad frontal bone. Inferiorly the frontal 
bone bougdsNihe orbits by the curved supra-orbital margins 


which aÀ tched towards their medial (nasal) extremities 
so as ta\vive passage to the supra-orbital nerve and vessels. 
Te O h is called the supra-orbital notch. Each supra- 


oral margin terminates temporally at the external angular 
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process which meets the malar bone. The medial or nasal 
extremity of the supra-orbital margin turns downwards to 
form the internal angular process which meets the lachrymal 
bone. Between the orbits, the frontal bone articulates with 
the frontal process of each upper maxillary bone or upper 
jaw, and with the nasal bones. Above this is a region, the 
glabella or dacryon, where, in some cases, the remains of 
the sutures between the two halves of the frontal bone may 
persist. On either side of the glabella is an elevation known 
as the supra-ciliary ridge which, during life, is covered by 
the eyebrows. The most prominent part of the forehead is 
often termed the frontal eminence. 

Below the orbits the face is made up, from the middle 
line laterally, of the nasal bone, the upper maxillary bone, 
and the malar, or cheek bone, which forms the prominence 
of the cheek. In an almost vertical line with the supra- 
orbital notch, but slightly below the orbital margin, is found 
the infra-orbital foramen, an aperture giving passage to the 
vessels and the nerve of the same name. The infra-orbital 
nerve is a branch of the nerve (7th cranial) which supplies 
the orbicularis muscle. In the middle line of the face, 
between the lower halves of the orbits, is the anterior aper- 
ture of the nose. 

The orbits are situated on each side of the central facial 
line between the forehead and the face. They are formed 
of seven different bones, namely, the orbital plate of the 
frontal bone, the ethmoid, the sphenoid, chrymal, the 
superior maxillary bone, the palate bone the malar bone 
or cheek bone. The first three are co to both orbits so 
that the total number of bones in theywo orbits is eleven. 

The general shape of the 5 is that of irregular, 
rounded quadrangular prang he apices of which are 
extending inwards and bacķ&wàrűs. The average width of 
the orbits in the adult sat Oy man is about 40 to 45 mms., 
the height 35 mms., agg, the depth from the free outer 
margin to the apex oy 50 mms. These dimensions are 
slightly less in w 

Each orbit 


a roof or upper wall, a temporal or 
external wall, or or lower wall and a nasal or internal 
wall. The gagTés between these four conventional walls are 
not well hed but are rounded off, each wall passing 
gradual d not abruptly into the contiguous one. Owing 
to ENS angement, it might be more logical to regard each 
orhitW cavity as being irregularly conical rather than pyra- 
real in shape. 


> The orbital roof is concave and its surface presents 


internally a small spine for the insertion of the pulley of the 
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superior oblique muscle, and externally a depression for the 
reception of the lachrymal gland. It is mainly formed by 
the orbital plate of the frontal bone and, at the posterior 
part, by a very small portion of the lesser wing of the 
sphenoid. 

The inner wall, from before backwards, is formed by the 
nasal process of the superior maxillary bone, the lachrymal, 
the ethmoid, the orbital process of the superior maxillary 
and the orbital portion of the sphenoid. It is flat and its 
surface presents the lachrymal groove at its anterior and 
lower part. 

The floor, nearly flat or slightly concave, is formed 
by the orbital plate of the superior maxillary, the orbital 
process of the malar and a small part of the palate bone. 

The outer wall is formed of the greater wing of the 
sphenoid and the orbital process of the malar. 

The thickness of the outer wall of each orbit varies 
from 2 to 4 mms., the greater thickness being found pos- 
teriorly. The inferior wall or floor is 0.5 to 1 mm. thick 
and the inner and superior walls are even thinner. It must 
be observed that the posterior portion of the superior wall 
is often, in the adult and still more so in elderly people, 
covered by the frontal sinus which has taken a great 
development. It follows that the orbital roof is lined, 
especially on the outside, by the floor of the frontal sinus. 
In the part of the orbital roof which is not a th the 
thinness is such that this wall is eae 

Each orbital cavity is in communication the neigh- 
bouring sinuses and with the cranial Ss by nine open- 
ings called fissures, foramina, or cana In this connec- 
tion, the term sinus means a cavity in thickness of some 
bone.) The most important of t ssures or foramina 
are: the optic foramen, the sphenfgidal fissure, the lachrymal 
groove and canal, and the sph€)0-maxillary fissure. 

The optic foramen is arQgval aperture at the apex of 
the orbit, through which t ptic nerve and the ophthalmic 
artery pass from the cae Cavity into the orbit. A little 
below. and to the ne) Side of the foramen we find the 
sphenoidal fissure, £n gfongated, irregular slit through which 
the third, the fougth, the ophthalmic portion of the fifth, and 
the sixth nerv Oor the orbit and the ophthalmic veins 
leave it. On ene wall, near its junction with the orbital 
floor, is chrymal groove, followed by the lachrymal 
canal le to the nasal cavity. On the lower part of the 


. 


oute Il there is the spheno-maxillary fissure, through 


whichhe middle division of the fifth or trigeminal nerve 
e Os 


Law 


the orbit. 
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The projection of the border of the orbit, forming a 
distinct margin round most of its circumference, results in 
a diminution of the size of the orbital anterior aperture, the 
diameter being greater at a little more than two-thirds of 
the distance from the posterior extremity. The upper border 
of these orbital arches projects beyond the lower border, 


|| permitting a range of vision downwards greater than would 


exist if the lower border were as prominent as the upper 


| one. Indeed, the whole shape of the orbit is such as to 


allow a wide range of movement of the globe and a field 
of view extended in many directions. . 

In order to allow the eye free movement, the surround- 
ing structures form with it a ball-and-socket joint. The 
joint cavity is formed by the pouch-shaped structure called 


i the capsule of Tenon. This pouch surrounds the posterior 


four-fifths of the eyeball; in fact, its folded margin reaches 


ti the ocular conjunctiva. It is made of a tough smooth mem- 


brane and contains synovial fluid so as to allow the eye the 
greatest freedom of movement. Since five out of the six 
| muscles which cause the eye movements are attached to the 
bony wall of the orbit behind and to the front portion of the 
| globe in front (as we shall see more fully presently) it is 
clear that these muscles, or at any rate their tendons, must 
necessarily pass through the capsule. This is done in a 
most admirable way, each tendon taking the capsule with it, 


gives to each a fibrous sheath, thus allow ree movement 


i so that the fascial cone, extending from eNi to muscle, 


and at the same time preventing an esc f synovial fluid. 

| Moreover, the edges of the portion of ule through which 

| the tendon passes give up strong which are attached 

| to the orbital edge. These ban as check ligaments to 
avoid the possibility of exceso Qovements of the globe. 

The human eye in its¢n¥efnal state is not capable of 

being moved backwards ogy rwards, at least to any extent. 

It simply rotates about @céntre of rotation which, consider- 

ing the ball-and-socl@drrangement briefly described just 


now, could be exp@ed to be at the geometrical centre of 
the eyeball. Cag measurements by Donders and others 


| have proved is‘to be the case, and have shown that on an 


average the. cèfftre of rotation is about 13.5 mms. behind 
the corn Dole in emmetropia, a little less (13 mms.) in 
hyperopiand a little more (14 to 14.5) in myopia. The 

Splat of rotation of the globe in every direction 


| poms 
f (i eN e extent of the field of fixation or motor field by 


tradistinction with the field of vision) amounts to about 
\ in the horizontal and 80° in the vertical direction. If 
Ò the sphericity of the eye is destroyed by disease (e.g., 
i i A? 
XN 
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being dragged backwards into the 
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myopia) or if the movements are hampered by an intra- 
orbital tumour, or again, if there is a partial paralysis of 
one of the extra-ocular muscles, the amount of rotation is 
diminished. 

We have already stated that, practically, the eye can 
only rotate about its centre of rotation, but cannot be dis- 
placed bodily backwards or forwards or laterally. In 
animals which have to hunt for their food under bushes 
(some mammals and a few reptiles) a special muscle, the 
choanoideus (or funnel-shaped muscle) is inserted on the 
posterior part of the globe and attached to the back of the 
orbit. Its contraction pulls the eye backwards into the 
orbit as a measure of protection. There is no trace of such 
a muscle, even in a rudimentary state, in the human being. 
Yet it is a fact of observation that as the result of disease, 
the globe in man may be pushed forwards (exophthalmia) or 
sink backwards in the orbit (enophthalmia). 

Exophthalmia may be due to an intraorbital tumour, 
but is more often the result of a disease called exophthalmic 
goitre, which is characterised by an excessive development 
of the intraorbital fat. 

Enophthalmia is the natural consequence of the emacia- 
tion due to prolonged debilitating diseases. 

Normally the capsule of Tenon contains muscular fibres 
which are innervated by sympathetic nerves passing to.it 
via the ciliary or lenticular ganglion. Stimulatien of these 
nerves causes contraction of the muscular fi Ç rotrusion 
‘of the globe and increase in the intraocular, ssure.,. The 
most important function of these fibres ho r is, according 
to Starling, to prevent, owing to thei , the globe from 
t by the action of 
the recti extra-ocular muscles. the explanations of 
the protrusion of the eye in aoe Imic goitre is given by 

©) lati 


the same author to be the st on of the sympathetic 


tumour constituting the fire. It has been ascertained 
that removal of the NG cervical ganglion relieves the 
‘condition. N 

As already pfinted out, the orbital edge, in the form 
of a quadrilateral ure with rounded angles, is somewhat 


‘nerves in the neck by fre. pressure of the thyroid 


narrower than. part one cm. behind it. It follows that 
a plaster ca the orbit cannot be removed from the cavity 
without ing or cutting the bones. 


Thy rojection of the orbital’ border varies in indi- 
vidualg and races. In all its parts, the orbital edge shows 
MOK ning of the walls; this constitutes the most impor- 
defence of the eye against external force, especially 
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above, on the external side, and below; the nasal border is 
not quite so thick; in fact, on the nasal side, there is no 
sharply defined margin to the orbit, the eye being protected 
by the bridge of the nose. 

The internal wall of the orbit presents at the junction 
of the lachrymal, superior maxillary and frontal bones, the 
point we have described under the name of glabella or 


dacryon, which serves as a starting point for various 


measurements. 

The shape of the orbit variesconsiderably in individuals, 
in races and according to sex. Merkel gives for the depth 
of the orbit an average value of 43 mms. in man and 40 in 
woman, but he is careful to point out that these figures vary 
as is the case for all facial measurements. The angle formed 
by the two orbital axes varies from 40° to 47°; that of the 
external walls produced, from 87° to 90°; that of the planes 
of the orbital edges, from 145° to 150°. These data, of small 
importance in ophthamology, are of interest in anthropology. 

The diameter of the base of the orbit is of greater 
importance in ophthalmology. In this respect, subjects are 
divided into chamoeprosopes (oval shape of orbital opening) 
and leptoprosopes (shape of opening tending to become 
circular). Stilling thinks that if the base of the orbit is low, 
the superior oblique can more easily exert a pressure on the 
superior part of the globe, the result of which would be 
elongation and myopia; hence, chamoeproso ia would be 
a predisposing cause of myopia. Further regelyches on this 
point are necessary. 

Beside the possible part of the sha Q&I the orbit in the 
evolution of defects of refraction, ieee be remembered 
that the orbital index, that is t tio of the vertical 
diameter of the orbital apertur e horizontal one, is of 
considerable importance in ansavopology. The horizontal 
diameter is a horizontal ling from the dacryon; the vertical 
diameter starts from the poit of junction of the malar and 
maxillary bones on theg friar orbital edge. Before birth, 
the two diameters ARG ically equal; as age advances, the 
horizontal one beg s prominent, more so in man than in 
woman, and Teor less according to races. 

To give ndex a mathematical value, Broca multi- 
plies the vé 1 diameter by 100 and divides the product 
by the iegabatal diameter. Thus, in a subject of average 
heigh vertical diameter being 34 mms., the horizontal 


one N the index will be: (100 x 34) + 41.6 or 81.7. 
he numerical value of the index varies in individuals 
Ae] Iso in races. In subjects with a low index, the orbit 
Os more or less rectangular and has a short vertical diameter; 
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in subjects with high index (100 or more) the orbital aper- 
ture appears round, especially if the angles are not well 
marked. The average value of the orbital index is from 90 
to 77 in the white race; 95 to 88 in the yellow race; 85 to 79 
in the black race. 


Air Cells or Sinuses of the Orbit. 

A few preliminary remarks on the subject of the nasal 
cavities which are in close proximity to and in communica- 
tion with the orbit will be useful. 

The nasal cavities appear on a skull as two narrow clefts 
extending between the anterior and posterior nasal apertures 
and separated from each other by a medial septum partly 
bony, partly cartilaginous. To examine the structure of 
these cavities a skull which has been sawn through a sagittal 
plane should be procured. If this is not available, stereo- 
gram I. will be found a good substitute. Parts of both the 
medial septum and the lateral walls and roof of the nasal 
cavities are formed by the ethmoid bone. The ethmoid 
is a very light fragile bone consisting, in part, of the 
cribriform plate through which the fibres of the olfactory 
nerve pass. It lies between the two orbital plates of the 
frontal bone, and its inferior aspect forms the roof of the 
nasal cavity. Beside the cribriform plate, the ethmoid con- 
sists of a thin vertical plate which forms a part of the septum 
or partition of the nasal cavities and of two latetal masses 
formed of thin plates of bones bounding num air cavi- 
ties or air cells, to which we shall revert tly. ‘The 
lateral surfaces of these masses form part Ni inner walls 
of the orbits while their medial surface rySent two or more 
curled plates of bone, the turbinate S, under cover of 
which is a cavity known as a meee Each nasal cavity 
or each nasal fossa is a narro ertically placed cavity 
arched antero-posteriorly so th@)ft is much higher at the 
centre than at the anterior apy! posterior ends. 

The orbit is surrounda@Wn adult life on three sides by 
air cells or air sinuse NZ mmunication with the nasal 
cavity. Beneath the N lies the antrum of Highmore, an 
air cell in the bod) he superior maxillary bone which is 
present at birth which in adult life attains a large size. 
In the roof of Ade~orbit lies the frontal sinus which extends 
upwards in ertical- plate of the frontal bone; this cell 
usually to develop in the second year of life, and 
goes o N reasing in size by absorption of the bone tissue 
until gÀ age. The cavity thus formed lies behind the 
glab hile it extends outwards over the inner two-thirds 
9 


l 
O orbit and backwards in its roof for about half-an-inch ; 
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it is separated from its fellow by a bony septum, usually 
imperfect, and it communicates with the meatus of the nose i 
by an elongated anterior ethmoidal cell known as the infundi- | 
bulum. In the lower posterior part of a groove containing 
the line of the infundibulum opens the antrum of Highmore ; 
this opening, large in the disarticulated skull, is observed to 
be placed well above the level of the floor of the maxillary 
sinus. This arrangement allows the discharges of a frontal 
empyema to find their way readily into the antrum while the 
opening provided by nature for the passage of air into the 
antrum forms an unsatisfactory drain for a fluid collection in 
the same cavity. Moreover, in the articulated skull, the size 
of the antral opening is much reduced, being overlapped by 
the vertical plate of the palate. 

The cells in the lateral mass of the ethmoid form two 
groups, an anterior and a posterior one, which are inde- 
pendent of one another. The anterior group opens into the 
middle meatus of the nose, while the posterior group opens 
into the superior meatus and sometimes communicates with 
the sphenoidal air sinus. 

The cells of both groups are separated from the orbital 
cavity by the planum bone (a part of the ethmoid). The 
lateral mass of this bone shows, when it is disarticulated, 
many incomplete cells, but in the articulated skull they are 
completed, in front by the nasal process of the maxillary 
bone, and the lachrymal bone, below by the maxillary and 
the orbital process of the palate, behind Wr sphenoid, 


and above by the frontal bone. The | 1 mass of the 
ethmoid begins to be hollowed by air RA the fourth or 
fifth year of life, though an indicati f the ethmoidal air 
sinuses can be detected even in egy ie 

The sphenoidal air cells © o in number; they lie 
side by side in the body of tge‘sphenoid bone; the vertical 
septum between them is usu imperfect. The lateral wall 
separates the cell from apex of the orbit and optic 
foramen and more po Orly from the cavernous blood 
sinus. Above TEN e the optic chiasma and the sella 
turcica occupied Ka) e pituitary body. The sphenoidal 


sinuses are suegred to be an extension from an air cell 
formed igen by the folding round of the sphenoidal ) 


turbinate into a hollow pyramid; the cell invades the 

body of true sphenoid about the seventh year. The | 

coma ation with the nose is by an aperture close to the | 
of above the superior meatus in the spheno-ethmoidal 


f the above cells from the orbit are likely to be followed by j 


jra 
Ò ractures running across the walls which separate any 
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emphysema of the retro-ocular tissues and lids, the air 
leakage occurring in the act of blowing the nose. 

The periosteum lining the inside of the orbit is easily 
detached from the flat bones constituting the walls of the 
cavity, but at the orbital border it is much more firmly 
adherent. At the apex of the orbit the periosteum becomes 
continuous with the dura mater and the dural sheath of the 
optic nerve. 


Contents of the Orbit. 


Beside the eyeball, the orbit contains a cushion of semi- 
liquid fat and loose connective tissue which forms the bed 
in which the eye rotates. It also contains the motor muscles 
of the eye, the levator of the upper lid, the blood-vessels 
and nerves supplying the eyes, as well as some vessels and 
nerves which pass to other parts. The lachrymal gland, the 
caruncle, the pulley of the superior oblique are also con- 
tained in the orbit and Tenon’s capsule forms an investment 
for all these organs. 

If the muscles are carefully separated, the optic nerve 
cut and the eye removed, the cushion on which it rotates 
appears as a concave hemisphere with a smooth, glistening 
surface. The lining membrane of this glistening bed is 
formed by an expansion of Tenon’s capsule, which not only 
serves as a surface on which the eye rests, but which also 
envelops the muscles, and unites them are s we will 
see presently. 

The fatty cushion, owing to the conica Nipe of the 


orbit and to the extent the eye fills it at t Oh admits 
of but slight compressibility, and the displacement of 
the eye sideways or up and down is permitted to any 


appreciable extent. 4h 

Normally, there is no impo change in the volume 
of the cushion on which the O sts and on which it per- 
forms its movements. Yet, er certain circumstances of 
disease or emaciation, the Ount of tissue may be appre- 
ciably increased or di d 
The Capsule of Teno rbito-Muscular Aponeurosis. 

We have alr pointed out that the space of the orbit 
is filled by a f material enclosed in a network of loose 


connective t This fibrous tissue is closely connected 
steum, i.e., with the internal lining of the 


mem e. 
ertain places, this fibrous tissue assumes the char- 
of a well defined membrane or fascia which serves as 
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an investment of the eyeball and of the tendons of the 
muscles within the orbit. 
The large size and conical shape of the orbit would make 
it, by itself, a most unsuitable socket for thè eye to work in, 
but really the eyeball comes nowhere in contact with it. It 
may be regarded rather as a scaffolding for the real socket 
as well as a store house for the orbital contents. The real 
socket is the capsule of Tenon in conjunction with its sup- 
porting bed of fat supplemented by the concave surface of 
the eyelids in front. 
All the structures contained in the orbit are invested by 
membranes derived from one and the same aponeurosis; the 
cornea forms an exception, but it is not, strictly speaking, 
within the orbit. 
The orbital fascia extends from one structure to another, 
splitting to encapsule each, but it is convenient to commence 
its study by distinguishing that part which is especially in 
relation to the ocular muscles. 
We have seen that the orbit is of conical shape; the 
muscles form another cone. Enclosing this cone is a fascial 
(membranous) cone which extends from muscle to muscle, 
splitting to invest each with a fibrous capsule. This fascial 
cone is attached, at the apex of the orbit, to the periosteum 
round the optic foramen; it widens as it advances in front to 
be attached to the periosteum all round the orbital 
margin. 

Thus, we have a cone of fascia Ce of bone, 
but while the cone of bone contracts at 1 im, the fascial 


Fic. xS ILLUSTRATING THE 
ARRA NT OF THE CONE OF 
FAS ORMED BY THE CAPSULE 
Q NON) LINING THE CONE OF 
FORMED BY THE INTERNAL 
SURFACE OF THE ORBITAL CAVITY. 
after Maddox). While the cone of 
bone contracts at its brim, the 
fascial cone expands at its brim, 
so that a space exists between the 
two, this space being filled up with 
the orbital fat, the lachrymal gland, 
and all the structures located within 

` the orbit. The eyeball is suspended 
in the fascial cone from above, from 


© 30. below and from all sides. The 

fascial cone is divided into two 
chambers ( Niao one for the eyeball and a posterior one for the 
orbital ulbar fat) by a hémispherical septum or aponeurosis which 


NAS to the shape of the posterior hemisphere of the eyeball, 
This seam is given off from the main fascial cone about opposite the 
equąÑr of the globe all round and, from the same line of origin, springs 

anion membrane which passes forwards over the anterior hemisphere, 
investing it closely as far as the sclero-corneal margin, to which it becomes 
ge adherent. 


ee 


| 
| 
| 
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cone expands at its brim, so that an interval exists between 
the two, and this interval is filled with the periocular fat, the 
lachrymal gland, etc. 

Fig. 30 shows how the eyeball is suspended in this 
cone, from above, from all sides and from below. The 
fascial cone lodges the globe in front and is divided into 
two compartments (the anterior one for the eyeball, the 
posterior one for the orbital retro-bulbar fat) by a hemis- 
pherical membrane which adapts itself to the shape of the 
posterior part of the globe. 

This membrane is given up from the fascial cone just 
opposite the equator of the eye, and from the same line 
springs a companion membrane which passes over the 
anterior hemisphere, investing it closely as far as the corneal 
margin where it is attached. 

These two membranes are regarded as forming a single 
structure, a single capsule (capsule of Tenon). It sends 
prolongations backwards in the form of a sheath for the 
optic nerve and for the various vessels and nerves which 
enter the eye. Besides, each muscle, on meeting the capsule, 
does not simply pierce it but is invested by it as is a finger 
in a glove. 

The part of the capsule which invests the anterior 
hemisphere gives up strips of thickened ligaments (check 
ligaments) which are attached anteriorly to the periosteum 
of the orbital edge. These ligaments are posteriony united 
with the extra-ocular muscles. Their purpose i fo imit the 
movements produced by contraction of the m s and also 
to counteract the pull backwards produc y the recti. 


(ORESTE) Q 

It has been proved by Merkel th WĦen a check liga- 
ment is cut, an excessive rotation one is permitted in 
the direction of action of the al ncerned. Motais has 
further shown that, after section ` ligament, less muscular 
power is required to produce @piven effect on the eye than 
when the ligament is intact 

According to Madj check ligaments have another 
purpose, namely, that owing off the motions of the eye 
towards their limit,(soq“4s to avoid a shock to its contents 
by sudden arrest of Yotation. It is a mechanical fact that 
when a force agen a moving body, there is a constant 
acceleration, g ocity unless the resistance increases pro- 
portionallkNNXS Were it not for the check ligaments, the 
sudden stò®'would develop an excessive degree of kinetic 
ener ce that energy, due to the momentum, is propor- 
el merely to the velocity but to the square of the 
vel&ðty. 


ww 


oo 
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It must be remarked that the check ligaments are 
endowed with a fair amount of elasticity, their maximum 
extensibility reaching (in the case of the internal and external 
recti ligaments) a value of 10 to 12 mms. 

The rotation of the eye under the action of any muscle 
does not cease because the muscle has attained its maximum 
contraction. It is proved, by experiments, that the contrac- 


-tion of the internal rectus required for the maximum physio- 


logical excursion of the eye is not more than a quarter of 
the length of the muscle, whereas it is known that striped 
muscles are generally, in their condition of maximum con- 


traction, shortened by half. 
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MEMBRANES (after Motais). 


Fic. 31. DiAGRAMMATIC Eman: OF THE GLOBE AND ITS 
A.E C. and P.E.C. represent ont erior and posterior portions of the 


external ocular capsule or capsule enon: 2.0’ IT-C: I.C indicate ‘the 
reflection of the internal capsule er the tendon of the internal rectus. 
ECE and F.C, are the chec@/jgaments of the external and internal recti 


respectively. 


All the ocula WSs except the superior oblique are 
provided with exehing like check ligaments. 


The Ocular NGGeles. 
Oc movements are performed through the action of 
Six ri -like muscles, four recti and two obliques. 
ept for the inferior oblique they all proceed from 
5 ptic foramen; there, the orbital periosteum forms at 
pex of the orbit a strong fibrous ring (ring of Zinn) 


hich surrounds and forms a channel for the passage of the 
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optic nerve, while it affords an unyielding support for the 
tendinous origin of the five long muscles as well as for that 
of the levator of the upper lid. 

From this point the five muscles having their origin 
on the ring of Zinn extend forwards in a diverging direction 
till they pass the equator of the eye to the places where the 
four recti are inserted on the globe, while the superior oblique 
proceeds towards its pulley somewhat in front of the equator, 
on the nasal side. 

At about 8 to 10 mms. from Zinn’s ring, the tendons 
become changed into muscles. They again become ten- 
dinous before reaching their insertions on the globe. 


Internal Rectus. 


Besides its origin on the ring of Zinn, it has a tendinous 
attachment on the sheath of the optic nerve. It passes for- 
wards, nearly parallel to the inner wall, comes in contact 
with the globe at the equator, and is inserted on the sclerotic 
about 6 mms. behind the corneal border; the insertion is 
generally in a straight line or slightly curved with the con- 
vexity forwards. It is the largest and strongest muscle: 
41 mms. long (Volkman); weight, 0.75 grammes; length of 
its tendon of insertion, 10 mms. 


External Rectus. 

Is second in strength and third in length. Vises by 
two fasciculi, one from Zinn’s ring (the infe a> one), the 
other (superior one) from the fibrous sheath N 3rd nerve. 
It passes forwards, almost parallel to DeO r wall, rounds 
the globe at the equator, and is ins on the sclerotic 
about 7 mms. from the corneal bord ength, 40.5 mms. ; 


weight, 0.7 grammes; the insertio& on the sclerotic is prac- 
tically straight. 


Is the weakest of that recti; it originates at the upper 
and outer part of Zj ring and at the border of the 


Superior Rectus. 


sphenoidal fissure. \ Jraversing the long diameter of the 
orbit, it passes r@pnd the globe and is inserted 7.6 mms. 
above and behysS™the corneal edge. Its length is about 
41 mms. and weight 0.5 grammes. Its tendinous inser- 


tion is loge than that of the other recti (10 to 11 mms.) 
and its lin@&of insertion more curved. The capsular sheath 
of the Pperior rectus is so closely united to that of the 
levajomof the upper lid that the action of the two muscles is 
pp measure associated. 


w 


+ 
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Inferior Rectus. 


Arises from Zinn’s ring by a tendon in common with 
that of the internal rectus. It proceeds forwards and is 
inserted on the sclerotic 6.5 mms. from the corneal edge. 
Length, 40 mms.; weight, 0.7 grammes. The curved line 
of insertion of the inferior rectus is so arranged that the 
vertical meridian of the eyeball would divide this insertion 
into two unequal parts, the greater being on the nasal side. 


Superior Oblique. 


Arises from Zinn’s ring between the origin of the 
internal and that of the superior recti. The muscle proceeds 
forwards and inwards towards the superior and internal 
angle of the orbit, where it becomes transformed into a 
round tendon passing through the pulley or trochlea. This 
pulley (fibrous extension of the periosteum) is situated at 
the trochlear fossa of the frontal bone. From the trochlea, 
the muscle changes its direction, going outwards, backwards 
and downwards (forming an angle of 50° with its former 
direction) expanding into a band which passes upon the 
surface of the globe between the globe itself and the superior 
rectus and becomes inserted on the upper, outer and posterior 
quadrant; the line of insertion is oblique. 


Inferior Oblique. 


Arises from a slight depression in the grbital plate of 
the superior maxillary bone, at the infero and internal 
angle of the orbit, just within the bor@& “Its course is 
backwards and outwards, passing bet the floor of the 
orbit and the inferior rectus to bec inserted by a broad 
band on the superior, external an erior quadrant (nearly 
facing the insertion of the su oblique). 

The insertion of the agos of the extra-ocular muscles 
is by no means uniform; t lues given above are average 
numbers and apply to t Ormal adult eye. 

It does not alway pen that the lines of insertion of 
the internal and ex ecti are so placed as to be perpen- 
dicular to the horjastal meridian; this only occurs in about 
50 per cent. ofe In the other cases, the upper end of 
the internal gečtfs insertion approaches more nearly to the 
cornea and. contrary occurs for the external rectus. 

The er side of the insertion of the superior and 
inferiggQecti is usually nearer to the cornea. 

heir relation to the horizontal meridian, the inser- 
ti of the internal and external recti also vary by being 
aes d more to one or the other side of the meridian line. 

Th 

© 


us, in about 50 per cent. of eyes only does the middle 
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point of the insertion coincide with the meridian line. When 
it is not so, the middle of the insertion of the internal rectus 
is generally below the meridian line, even, in some cases, 
to such an extent that two-thirds of the insertion is below 
the horizontal meridian while in the external rectus the 
greater part of the insertion is above the horizontal meridian. 
The importance of these variations is obvious. If the i irregu- 
larity is at all extreme, it may cause a modification in the 
declination of the vertical meridian. The comparative dis- 
tance of the insertion from the corneal border will also affect 
the action of the muscle; the nearer the insertion to the 
cornea, the greater the influence of the muscle in rotating the 
eye. 

The study of the attachments of the individual muscles 
to the eye is of great importance to the surgeon, since the 
extent and direction of these insertions has an important 
bearing upon the rotation whether by the action of a single 
muscle or by the united action of more than one. 

Fuchs has made a careful and valuable study of the 
subject. The following is an extract from his table, giving 
the distance in millimetres of the insertion from the corneal 


border :— 

MUSCLES. EMMETROPIA. MYOPIA. HYPEROPIA. 
Internal rectus aif 5-5 5.5 T 2 
Inferior rectus E 6.5 js ; 

External rectus —~ 2. 6.9 
Superior rectus wes vy j f A 


except the superior oblique is provided wi hat we have 
termed a check ligament. 


Check Ligaments. OR 


The check ligament of the expifoal rectus is a thick band 
of tissue leaving the Re of ectus near its anterior 
extremity, proceeding forwa ins nd slightly outwards to the 
outer orbital margin. an breadth of this band is 
7 to 8 mms.; the lengthNQetWween the insertion on the orbital 
edge and the point ee to the muscle is 18 to 
20 mms., while banum thickness varies from 3 to 
6 mms. 

The interndt Meck ligament is broader and thinner than 
that of the Wi rectus. Its breadth is from 8 to Io mms. ; 


As we have pointed out, each of the o muscles 


its length the attachment to the muscle to the insertion 
on the oxbital edge is 15 to 18 mms. According to Panas, 
it is oe or less fused, by an expansion which covers 
Hedy s muscle, with the internal palpebral ligament so 


aw 
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that when the internal rectus contracts, it draws back the 
inner commissure of the lids and the caruncle, pressing at 
the same time on the lachrymal sac. 

For the superior rectus there are two check ligaments. 
Since the broad tendon of the levator palpebrae is interposed 
between the superior rectus and the orbital edge, the superior 
check ligament could not reach the orbital edge without 
either piercing the tendon of the levator or passing round 
it. This is the explanation of the existence of two ligaments 
termed internal and external superior check ligaments. The 
former is a fibrous cord leaving the inner border of the 
muscle and following the tendon of the superior oblique 
to become inserted at the trochlea. The latter is a more 
flattened band proceeding from the outer border of the 
-muscle and dividing into two branches, one of which joins 
the check ligament of the external, while the other is 
attached to the orbital margin in the ordinary way. 

The check ligament of the inferior rectus is also double. 
Beginning at the point where the muscle curves round the 
globe, it proceeds to the middle part of the inferior oblique, 
splitting into two so as to embrace it. Then, one of the 
branches, a slender one, goes to the eyelid; the other is 
fused with the check ligament of the inferior oblique. ‘The 
connection with the eyelid explains why the inferior lid is 
drawn down during contraction of the inferior rectus. 

The check ligament of the inferior obNque leaves the 
muscle 8 to 10 mms. from its insertion the floor of the 
orbit, and proceeds obliquely outward hd forwards. It 
then divides into two branches, on which goes to the 
inferior internal angle of the RO he other being fused 
with the ligament of the inferi Q tus. The union of this 
ligament with that of the inf rectus forms a support to 
the inferior oblique, somew%Ñat Similar to a pulley. By this, 
we mean that when the m@ele contracts the ligament bends 
the muscle by drawing@jts middle part outwards so as to 
make the traction o eye a little less oblique. 

As already xe. the superior oblique has no check 


ligament. © 


Movements -oCthe Capsule of Tenon. 


A gi@}te at fig. 31 shows that between the inner lamina 
of a's capsule and the sclerotic there is a space 
(Tex 


s space) which represents the arachnoidal space of 

eye, since the inner capsule represents the arachnoidal 

Qe brane of the brain, and the outer capsule the dura mater. 
S hese periocular membranes are indeed continuous with the 
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arachnoidal and dural envelopes of the brain though the | 
continuity cannot always be demonstrated. i] 
The capsule, being fixed to the eye at the corneal margin if 
and at the entrance of the optic nerve, accompanies the i 
ocular movements to a great extent, but not entirely, how- i 
ever, except just in front, for its elasticity allows it to give | 

at some places more than at others. 

Motais has shown by careful experiments that the fatty 
tissue which immediately surrounds the eye also, to a large | 
extent, accompanies its movements and each succeeding 
layer moves less than the one within it. He points out from 
this that the case of the eye differs entirely from that of a 
bony socket like the acetabulum, since the capsule and the 
periocular fat accompany the ocular movements. He sug- 
gests that the real socket is the inside of the eyelids since 
they move least in accordance with its motions. The fact 
of the matter, as Maddox remarks, is that the eye is an organ 

| sui generis, and must not be too closely compared to a bony 
joint. '| 
| The fact that the capsule follows the movements of the | 
eye is of the greatest importance from the point of view of 

fitting artificial eyes. 


Nerve Supply of the Motor Apparatus of the Eye and of the Contents I 
of the Orbit Generally. 
i 


The subject of ocular movements and of PINS r vision 
belongs to the portion of ophthalmic science ed physio- 


logic optics, but a few remarks on the a mical details i 
concerned with the nervous eration the movements | 


of the eye and with the innervation he orbit and its 
contents generally may be useful at resent stage. | 
. The nerves of the orbit are v&y`umerous. They com- | 
| prise five cranial nerves, namely¢jyhe second or optic nerve, | 
the third oculo-motor, theg,fourth or trochlear, the 
ophthalmic branch of the or trigeminal, the sixth or | 
abducens, the seventh px@acral, and sympathetic filaments | 
to which we shall evo presently i 
The optic ner S been described in full detail (see aa 
page 216). Of the other orbital nerves, the third, the fourth | 
and the sixth a rely motor and innervate the extra-ocular | 
muscles. T th (trigeminal) is mainly sensory, and the 
seventh 9 ial, though it is not a true motor nerve of the 
eye, inast¥ch as it does not take any part in the rotation 
of the elpbe, is chiefly concerned with the movements of the 
lid d' with the working of the superficial muscles in the 
S Qof the face. The sympathetic nerves intervene in the | 


: y | 
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movement of the iris and, through the smooth fibres of 
Miiller’s muscle, serve to give their tone to the lids. 

The innervation of the ocular muscles is accomplished 
by the third, fourth and sixth nerves. The third (oculo- 
motor) supplies all the extra-ocular muscles, except the 
superior oblique and the external rectus, and also innervates 
the levator of the upper lid, the sphincter of the iris and 
the ciliary muscle. The fourth (trochlear) innervates the 
superior oblique, and the sixth (abducens) the external 
rectus. 

The real origins or the nuclei of these three nerves are 
small masses of grey matter in the lower part of the brain, 
i.e., in the bulbo-protuberential part, on the floor of the 
fourth ventricle. 

The nucleus of origin of the third or oculo-motor nerve 
is a small mass of grey matter about one centimetre long 
lying under the anterior quadrigeminal bodies. Attempts 
have been made to describe in this mass various secondary 
nuclei corresponding to each of the muscles innervated by 
the nerve in question. There is no doubt that such a 
division seems to be a physiological necessity but, up to 
the present, anatomy has only shown the main lines of it. 

According to Bernheimer, the whole of the nucleus of 
the third nerve may be regarded as being made of several 
groups of nervous cells or ganglia, an arrangement which, 
physiologically, amounts to regarding the nugleus of the third 
nerve as made of a number of partial nui. ) These partial 
nuclei are grouped near the median MÉ of the brain and 
not only are distinct from each othe t each has its own 
system of vascularisation or blogOsupply, a fact which 
explains that a particular ig GOR sion does not generally 
affect all the partial nuclej therefore does not react 
on all the muscles innerva& by the third nerve. 

The portion of nuðəus governing the intraocular 
@ the pupillary contraction and to 
the median plane of the brain, the 
one belonging to right hemisphere being practically in 
juxtaposition O that of the left hemisphere. This would 
explain the b ral association of these centres and their 
association.€g one another. It is a well-known fact that 
accommo on as well as pupillary contraction is always 
bilat and also that accommodation is always accom- 
pan’ \Y a pupillary contraction. 


muscles (i.e., presidin 
accommodation) is 


ŢȚ esides the partial nucleus we have alluded to just now, 
are, in the nucleus of the third nerve, three other 
Ò partial nuclei on either side of the median line, these nuclei 
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forming the right and left main lateral nuclei. Fibres pro- 
ceed from these lateral nuclei as well as from the more 
median nuclei; the collection of these fibres proceeding from 
the partial nuclei of the intraocular muscles as well as those 
proceeding from the lateral nuclei of the levator palpebrae, 
the superior rectus and a few of those from the nuclei of 
the internal rectus and inferior oblique run to the eye of the 
same side, the remaining fibres from the latter two nuclei 
and all the fibres from the portion of the nucleus governing 
the inferior rectus run to the eye of the opposite side. 

The nervous threads proceeding from the nuclei of 
origin and forming the third nerve are distinct from each 
other at their apparent origin on the lower surface of the 
brain and may be affected separately ; they soon join to form 
the trunk of the nerve; this finds its way through the sub- 
arachnoidal spaces of the brain, perforates the dura mater, 
passes into the external wall of the cavernous sinus together 
with the fourth nerve, and enters the orbit by the internal 
portion of the sphenoidal fissure. It is at this stage that 
the nerve bifurcates and gives rise to a superior branch 
(which passes into the muscular cone or muscular funnel 
below the optic nerve and divides again into a portion going 
to the superior rectus and one to the levator palpebrae 
superioris) and an inferior branch distributed to the internal 
rectus, the inferior rectus, and the inferior oblique. From 
the small branch going to the inferior oblique a fiņe thread 
diverges to end in the ophthalmic ganglion, S aich we 


shall refer presently. va) 

The trochlear or fourth cranial nerve its nucleus of 
origin in the cerebral peduncle and its a nt origin under 
the posterior quadrigeminal body. om its apparent 
origin it runs along the lateral f the peduncle and 


cavernous sinus and enters the it by the superior and 


under the optic tract to pass "6 external wall of the 
external part of the $ the OSA Ssure, i.e., outside Zinn’s 


ring. It then follows the ftal roof, passing above the 
levator palpebrae, and “4 the upper border of the 
superior oblique into NA it penetrates. 

The abducens ¢f th nerve has its real origin in the 
protuberance and itpparent origin in the bulbo-protuber- 
ential groove, N ıt a lower point than those marking the 
apparent origj the third and fourth nerves. It pierces 
the dura mg nd passes, not through the external wall of 
the caver NN sinus, but through the cavity of this sinus in 


which \is bathed in venous blood. It enters the orbit 
hron e ring of Zinn, and penetrates at once into the 
a 


CE 
A T x 
N 
NY s 


rectus. 
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The facial or seventh nerve is really a mixed nerve, but 
we are not concerned with its sensory portion or nerve of 
Wrisberg. The motor portion of the nerve originates from 
a nucleus in the bulb, below the floor of the fourth ventricle. 
The fibres proceeding from this nucleus emerge from the 
lower part of the bulb and proceed to the orbicularis muscle, 
as well as to the muscles of the face. 

The sympathetic nerve has two nuclei of origin, one in 
the bulb, the other in the upper part of the spinal cord. The 
fibres proceeding from the bulbar nucleus reach the eye in 
two ways, direct fibres passing to the globe along the path 
of the trigeminal or fifth nerve, while other fibres pass down- 
wards to end in the nucleus in the upper part of the spinal 
cord. The fibres from the latter nucleus emerge from the 
cord together with the roots of the upper spinal nerves and 
apparently end in the ophthalmic (or ciliary) ganglion. This 
ganglion, in the form of a small mass about 2 mms. long 
and 1 mm. thick, is in the orbit on the external side of the 
optic nerve at the junction of its posterior third and its 
anterior two-thirds. The ganglion is surrounded by the 
loose orbital fat we have described above. 

The ophthalmic ganglion, which must be regarded as 
being at the same time a cerebro-spinal and a sympathetic 
centre, emits nervous filaments, the short ciliary nerves 
(12 to 15 in number), which pierce the globe around the 
posterior pole. 

The other intraocular nerves form a cogåplex system of 
mixed nerves through which motor, vaso¥Qetér and sensory 
impulses travel. This system consist @ ‘the short ciliary 
nerves proceeding from the ophthal ganglion as stated 
just now and of the long ciliar Qrves (two in number) 
which spring from the nasal ney ranch of the trigeminal 
or fifth nerve). All these xe ass into the globe in the 


region of the posterior pol@round the optic nerve. They 
travel in the suprachoroidat4pace, between the sclerotic and 
the choroid, which lax structure they abundantly inner- 
vate. At the leve LON ciliary body they divide to form a 
close plexus (the ry plexus) from which proceed fibres 
distributed to epis (these fibres are motor, vaso-motor and 
sensory, and of cerebro-spinal and sympathetic origin) 
and to tha@prnea. Round the corneal margin is a new 


circular Xus, from which 60 to 80 fine nervous threads 
pro ò be ramified in the corneal substance and continue 
in N orm of perforating bunches (mostly sensory) which 


pas through Bowman’s membrane and end between the 
Ids of the epithelium layer, an arrangement which gives the 
Ò cornea its exquisite sensibility. 


floor and leaves by the infra-orbital peer 
| words, the arrangement of 


Jever, a revolvin 
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The ophthalmic division of the trigeminal nerve (fifth 
nerve) divides into the lachrymal, frontal and nasal nerves 
before reaching the orbit. 

The lachrymal nerve enters the orbital cavity through 
the outer angle of the sphenoidal fissure and passes along 
the outer wall of the orbit to be distributed to the lachrymal 
gland, the conjunctiva and the portion of the skin near the 
outer canthus. The frontal nerve enters the orbit through 
the same fissure above the motor muscles and to the inside 
of the lachrymal nerve. It passes forwards and divides into 
the supra-orbital nerve whose exit from the orbit is the 
supra-orbital notch, and the supra-trochlear nerve, which 
passes over the superior oblique tendon and leaves the orbit 
a little inside the supra-orbital nerve. The nasal nerve 
passes between the two heads of the external rectus, crosses 
the optic nerve beneath the superior rectus and the superior 
oblique and above the inferior rectus. It leaves the orbit 
through a foramen in the anterior part of the ethmoid. Its 
orbital branches are: (a) a long root going to the ciliary 
ganglion; (b) the two long ciliary nerves which enter the 
globe on either side of the optic nerve; and (c) the infra- 
trochlear nerve which passes beneath the superior oblique 
tendon and leaves the orbit above the internal tarsal liga- 
ment, supplying the conjunctiva, the skin in the region of 
the inner canthus and the lachrymal sac. 

The ciliary ganglion, as we have already seen gives off 
the short ciliary nerves which enter the globe und the 
optic nerve. The superior maxillary divisi@ħ~of the tri- 
geminal nerve enters the orbit as the i -orbital nerve 
through the spheno-maxillary fissure ; O asses along the 


It is a well-known fact that th an eye regarded as 

a single organ simply rotates alfgut4 fixed or almost fixed 
centre which corresponds fairly Cy rately with the geometric 
centre of the globe, supposgg. © be spherical. In other 
oe globe in the orbit, or more 

exactly in the fatty cugh@y“Alling the posterior part of the 
orbit, is somewhat si to a ball-and-socket system or to 


| the system formed C) e almost spherical head of the femur 
(thigh bone) in a ollow cavity of the hip bone. How- 


dy of the above kind has full freedom of 


| rotation, i.e.Qan revolve about any three principal or 
| cardinal oR 


right angles to each other (say, the vertical, 

the hori l or transversal, and the longitudinal axis) and 
there ia is free to perform rotations about all other axes 
błe into rotations about two or more of the cardinal 


reso 
aÒ from which it follows that a body which enjoys three 
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degrees of rotational freedom can rotate about as many 
|diameters as are conceivable. 

Actual experiments show, on the other hand, that in the 
[case of ocular movements, one degree of freedom, namely, 
[rotation about the longitudinal axis (or visual line) is not 
| possible for an eye starting from the primary position. The 
[only two degrees of freedom retained are those of rotation 
labout the vertical axis and about the horizontal transversal 
axis, both being supposed to be fixed in the head. It fol- 
lows that all ocular rotations can only take place about one 
|of the two above axes, or about any diameter situated in the 
|plane containing these two axes. 

In other words, the possible rotations of each eye are 
limited to rotations about all conceivable diameters in one 
| plane, namely, the plane in which the vertical and trans- 
| versal axes lie. This plane, termed Listing’s plane, which 
| necessarily passes through the centre of rotation and cor- 
responds to a coronal section, is fixed in the head and per- 
| pendicular to the longitudinal axis about which rotation is 
denied. 

Thus, when the head is kept erect and the eyes look 
straight in front at a distant object on the horizon, i.e., when 
the eyes are in the primary position, however complex the 
| movements of an eye may be in glancing from point to 
| point, the ultimate result of these movements is equivalent 
Ito a single rotation of the globe about some axis in Listing’s 
plane, provided, of course, that the eye hag ted from the 


| primary position. 
| The study of the individual ette each of the six 
Kòn] 


extra-ocular muscles shows clearly t y the internal or 
| the external rectus acting singly c duce a rotation about 
|an axis (the vertical one) that ig*yteluded in Listing’s plane. 
All other muscles would, by t selves, produce a certain 
[amount of torsion and theyegsre cannot act singly without 


| violating Listing’s law. 

| The matter of the ements of the two eyes together is 
i To use the words of Maddox, ‘‘ To 

edge, every innervation of the ocular 

muscles is cofjugate, and it is impossible for a nervous 

impulse to descèrfd from the brain to the ocular muscles with- 

lout being lly divided between the two eyes. In conse- 


| quence is, the two eyes work together as a single 


| orga SS 
AN centrifugal impulses to the eyeballs answer to the 
cesWripetal arrangements of vision. Homonymous halves of 


; etinæ convey impressions to the visual centre in the 


ccipital lobe of the same side. For instance, an object 
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lying in front and to the left of the field throws its images 
on the right half of each retina. If these images happen to 
fall on corresponding points, they are blended into one in 
the right visual centre. In that case, and if attention is 
drawn to that object, both eyes move equally and simul- 
taneously as a single organ to bring the images on the fovea 
of each eye, and thus the object is seen in direct vision. 
Should, as it more frequently happens, the two retinal 
images be first formed on non-corresponding points, then, 
simultaneously with the conjugate lateral movement, an 
adjustment of convergence takes place, also in a conjugate 
manner, the two movements being compounded into one. 

Every muscle must, therefore, have a yoke-fellow in the 
other eye; for instance, the superior rectus of one eye is 
associated with the inferior oblique of the other, and the 
inferior rectus of one with the superior oblique of the 
other. 

In fact it is impossible to cause a movement to be made 
with one eye without the other moving also, or at least 
having a tendency to move. These peculiarities of the 
ocular movements are evidently not due to the muscular 
apparatus but to the association of the various nervous 
centres governing muscular action. 

The oculo-motor centres belong to two main categories, 
namely (a) the primary centres which no doubt are the nuclei 
of origin of the nerves. These nuclei are of the 
cellular bodies of neurons, the cylinder-axes of Sot run in 
the trunk of the nerve and end in the muscl cerned ; (b) 
the cortical centres which are double and iade a posterior 
portion which corresponds to the true M$val centre in the 


occipital lobe of the brain, and ares portion, less 
exactly localised anatomically, e Wath is included in the 


motor area of the cortex, near the ond frontal convolution. 

The former governs those oœ%Ħar movements which are 
connected with purely visu @ensations; the latter, those 
movements which are du other sensorial impressions. 
Besides, there are multi ntermediate centres which may 
be classified into refefventres, co-ordinating centres and 
inhibitory centres. Gy reflex centres are mainly consti- 
tuted by the a Gyor quadrigeminal bodies. In these 
centres end th@yylinder-axes of the retinal fibres which 
articulate wit Sher neurons so that impulses can be carried 
» centres and thus cause the visual axes to be 


to the Pris 
directed N ny particular direction. The posterior quadri- 


gemi dy does not take any direct part in vision, but 


be a reflex centre reacting to impulses received via 


O 
ho oustic path. 
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The co-ordinating centres answer a double purpose; 
some co-ordinate the simultaneous movements of the two 
eyes in binocular vision, while others co-ordinate the move- 
ments of the lids and connect ocular movements with the 
mechanism of equilibrium and general orientation. The 
co-ordinating centre insuring binocular rotation with 
parallelism of the visual axes, are two in number, one in the 
right, one in the left hemisphere. Their exact anatomical 
location is not definitely known, though their existence is a 
physiological necessity; most authorities regard them as 
being in the anterior quadrigeminal bodies. The centre for 
the co-ordination of the lid movements is probably in the 
upper part of the protuberance. 

As to the centres of general co-ordination connecting 
the ocular movements with the phenomena of subjective 
orientation and objective equilibrium, their location is still 
uncertain; they are necessarily connected with the vestibular 
apparatus of the ear. Moreover, the cerebellum plays a 
large part in the function of co-ordination of movements, 
but the anatomical position of these co-ordinating centres is 
not definitely known. 

Special motor and inhibitory centres for the regulation 
of the iris movements have been described in the bulb and 
the upper part of the spinal cord. It is still uncertain 
whether there is a true inhibitory centre as well as a motor 
centre, or whether a single centre can act ag\motor for the 
muscle it commands and frenator or inghp ory for the 
antagonistic muscle., 

The connection or association AAN above centres is 
most complex, and consists of :— 

(a) Association between a_p@yticular nucleus with its 
fellow in the other hemispher& ) is association is effected 
by extremely numerous bugles of fibres in the case of the 
nuclei of the third nerve. @he nucleus of the trochlear and 
that of the abducens on@pe side have no such communica- 
tion with the corres yee nuclei on the other side; this 
might be expecte ce the fourth and the sixth nerves of 
one eye have © to act in conjunction with the corres- 
ponding jal the other eye. 

(b) Asg@jation of cortical centres. The motor centres 
in one hgisphere are united together and with the true 
visua hire in the occipital lobe by association fibres. 
Mor r, the cortical centres of each hemisphere are asso- 
ciated’ with those of the other hemisphere by commissural 
Dr s passing mostly through the corpus callosum. 

The cortical centres for vision (in the occipital lobe) 
are united with the centre for speech (on the left side) by 
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homolateral fibres for the left speech centre, and by com- 
missural fibres for the right speech centre. 

(c) The association of the cortical centres with the 
primary centres is effected by fibres the existence of which 
is proved by physiological observation and by the anatomo- 
clinical method. These fibres originate from the motor area 
in the second frontal convolution, and from the true visual 
centre, and follow the optical radiation to end in the centre 
for co-ordination of binocular movements, probably the 
anterior quadrigeminal body. From there they are distri- 
buted to all the nuclei of origin of the motor muscles, since 
they have to act as motor fibres with respect to some muscles 
and as inhibitory with respect to other muscles. The great 
majority of the fibres proceeding from the right co-ordinating 
centre go, however, to the nucleus of the sixth nerve on the 
right, and to the portion of the nucleus of the third nerve on 
the left which is connected with the left internal rectus. 

In the same way the left co-ordinating centre for 
binocular vision is linked with the nucleus of the left 
external, and with that of the right internal rectus. 

This shows that the ocular motor fibres are decussated, 
so that the right hemisphere of the brain governs the left 
co-ordinating centre, which in its turn sends impulses to 
the left external and the right internal recti and vice versA. 

(d) The association of the intermediate and, the peri- 
pheral centres is effected by an important bundl rming a 
reflex path, which brings to the nuclei of in of the 
motor-oculi nerves and to the nucleus of th ial nerve all 
involuntary impulses (conscious or INO ual or auditive 


J 


nature, or originating from the cerebell or due to general 


sensibility. OX 


CHAPTER XVII. 


THE PROTECTION OF THE EYE. LIDS. CONJUNCTIVA 
AND LACHRYMAL APPARATUS. BLOOD SUPPLY OF THE 
GLOBE AND ITS APPENDAGES. 


Certain structures taking no actual part in vision, but 
serving mainly to the protection of the globe, are known as 
Ocular Appendages. Of these, the most important are the 
„eyelids, the conjunctiva and the lachrymal apparatus. 


Eyelids. 

The eyelids are two movable skin folds closing the orbit 
in front and in close proximity with the globe. They pro- 
tect the eyeball by their closure which occurs automatically, 
i.e., by reflex action, if a blow or a foreign body threatens 
it. The upper lid is larger than the lower one, and more 
freely movable; it is supplied with a special muscle we have 
already alluded to under the name of levator palpebre 
superioris. The space included between the free borders of 
the open lids is termed the palpebral opening or palpebral 
fissure. The eye is commonly spoken of as large or small, 
according to the size of this opening, which resembles an 
almond in shape; the size of the palpebral fisswre has, how- 
ever, no relation to the size of the VEDAS ugh it has 
the greatest influence upon the expression @ the individual. 
The length of the palpebral fissure is u y 28 to 30 mms., 
its width at the widest part is about ms. 

The boundary of the upper Rey ormed by a ridge of 
bone with a muscle underlying skin. This ridge, the 
supra-ciliary ridge, is coveredxwith a growth of hairs called 
the supra-cilia or eyebrows. Qe purpose of the eyebrows 
is to prevent the perspira@n from flowing onto the ocular 
surface. The lower oe without any line of demarca- 
tion into the cheek. 

The eyelids xc WS mainly of a dense tissue or tarsal 
cartilage which titutes a sort of internal skeleton. This 
tarsus is covergd externally with ordinary skin and internally 
by a mucougNwemibrane we shall describe under the heading 
of pares conjunctiva. The skin of the lids differs from 
that c RS tng the rest of the body by its thinness, its loose 


attachment to the subjacent part, and the absence of fat. It 
ingarvgred by fine downy hairs which are provided with small 
b&ceous glands, and there are also small sweat glands. At 
Qe anterior border the hairs are specially differentiated to 

+ . 
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form a protection to the eyeball; the cilia or lashes are 
strong, short, curved hairs arranged in two or more closely 
set rows. Their sebaceous follicles, like the cilia themselves, 
are specially differentiated and are called Zeiss’ glands; 
apart from being larger, they are identical with other 
sebaceous glands. The sweat glands near the lid margin 
are also unusually large; they are situated immediately 
behind the hair follicles, and their ducts open into the ducts 
of Zeiss’ glands or into the hair follicles, and not directly 
onto the surface of the skin as is the case elsewhere. 

The free edge or margin of the lid or intermarginal strip 
is covered by a Stratified epithelium which forms a transition 
between the skin and the conjunctiva proper. It shows a 
row of minute openings just visible to the naked eye; these 
are the orifices of the ducts of the Meibomian glands. The 
tarsus consists of dense fibrous tissue containing no cartilage 
cells, so that the term tarsal cartilage is only justified in so 
far as it defines the consistence of the plate. Embedded in 
the tarsus are some enormously developed sebaceous glands, 
the Meibomian glands. They consist of nearly straight 
tubes, directed vertically, each opening by a single duct on 
the margin of the lid. The tubes are closed at their ends 
and present numerous spheroidal projections giving the 
glands their characteristic appearance. There are from 
twenty to thirty Meibomian glands in each lid. 

The large bundles of the orbicularis muscle gceupy the 
space between the tarsus and the skin; they ay Na dots 
on a transversal section. The main part of @g*tendon of 
the levator palpebrz superioris is Dee nga the upper 
border of the tarsus, but an anterior sli Kap es between the 
fibres of the orbicularis to be ee aes the skin of the 
middle of the upper lid; a posterior is inserted into the 
conjunctiva at the upper fornix. SQhé@fe is no muscle in the 
lower lid corresponding to the 1dQfor of the upper lid, but 
the inferior rectus and the i@%grior oblique send fibrous 
strands forward into the lowe Nd to be attached to the tarsus. 

Besides these stripe GF 7oluntary) muscles, there is a 
layer of unstriped mys ibres in each lid; they constitute 
the superior and theUinférior tarsal muscles of Müller. The 
fibres of the upperggne arise amongst the striped fibres of the 
levator, pass do $F chind it and are inserted into the upper 
border of the us. The inferior, which is less developed 
than the X` consists of a few unstriped fibres interwoven 
with the AN s of the orbicularis and inserted into the tarsus 
of nga lid. 


Tħøugh the subject of the blood supply of the globe 
ggl and of its appendages will be examined more 
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fully towards the end of this chapter, we may state at 
present that the arteries of the upper lid form two main 
arches, the superior and the inferior; the former lies at the 
level of the upper border of the tarsus, the latter just above 
the hair follicles. In the lower lid, there is usually only one’ 
arch lying near the free edge. The veins of the lids form 
| two main groups; the pre-tarsal group which passes into the 
ji subcutaneous veins and the post-tarsal group which opens 
i into the ophthalmic vein. 

T The sensory nerve supply of the lids is derived from the 
I trigeminal or fifth nerve. The third nerve supplies the 
levator palpebrz and the slips together with the strands pro- 
ceeding from the inferior rectus and the inferior oblique. 
qi The seventh pair, the facial, supplies the orbicularis muscle, 
i and the sympathetic, the two muscles of Miiller. 


The Conjunctiva. 

|) The conjunctiva invests the inner surface of the lids and 
| the anterior segment, and thus conjoins the lids and the eye- | 
| ball, which justifies its name (con, together; and jugare, to | 
join). It is divided into the palpebral portion, that is the 
portion forming the inner lining of the lids, and the bulbar 
or ocular portion which invests the front part of the eyeball. 
1 The fold which marks the reflection of the conjunctiva as it 
passes from the lid to the globe is called the fornix or the 


fold of transition. When the lids are closed,Qhe conjunctiva 
il forms a closed sac termed the conjunctival . The palpebral 
| conjunctiva is closely adherent to the u ying tarsus and, 


more or less distinctly through it, 

The palpebral conjunctivad&3mooth and glistening in 
young subjects. In older A sit has a velvety appear- 
| ance, especially on the opie lid; this condition is often 

; spoken of as papillary, but\etally this appearance is not due 
to papilla but to fine s into which the thickened mem- 
brane has been thro? A truly papillary condition of the 
conjunctiva is alw the result of a chronic irritation. 
| In the re of transition between the palpebral and 
l the bulbar coùẹfnctiva (i.e., in the upper and the lower 
|) fornix) thé mbrane is in its loosest condition, being 
| thrown } horizontal folds. The lower fornix may be 
brou view by pulling down the lower lid, but the upper 
i DAUR $ not so readily seen unless the upper lid is very 
| RY everted. It is clear that if the conjunctiva were 

© ss directly from the lid to the eyeball every movement 
D: the latter would be hampered, as can be seen in cases in 


1 on account of its thinness, the Meib&ħian glands are seen 
| 


E. 
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which the fornix has been destroyed. Hence, the main pur- 
pose of the fornix is to ensure free movement of the eyeball. 

The bulbar conjunctiva covers the anterior segment of 
the eyeball, and may be divided into the sclerotical con- 
junctiva and the corneal conjunctiva. It must be under- 
stood that this subdivision is mainly intended for the pur- 
pose of description, and that the bulbar conjunctiva invests 
the whole of the anterior part of the globe and extends over 
the cornea as well as over the sclerotic, only, its character 
changes as it passes from the sclerotic to the cornea; this 
continuity of tissue explains why diseased processes affect- 
ing the conjunctiva corresponding to the sclerotic do not 
stop at the edge of the cornea, but continue over the latter 
membrane. 

The sclerotical part of the conjunctiva is a thin pellicle, 
very lax and connected with the sclerotic by a thin, scanty 
areolar tissue termed the episcleral tissue. The fact that it 
is so loose explains why a comparatively large amount of 
bulbar conjunctiva can be sacrificed and the gap covered by 
drawing the adjacent conjunctiva. Around the cornea, how- 
ever, the conjunctiva becomes thinner, and is closely adjacent 
to the cornea itself, forming what is called the conjunctival 
limbus or limbus conjunctive (limbus, edge). The bulbar 
conjunctiva presents, like most mucous membranes, a 
vascular dermis covered by an epithelial tissue which is 
made of a few layers of cells and contains none of the glands 
usually found in mucous membranes. 

Over the cornea the conjunctiva is red @ to a very 
few layers of epithelial cells, and is perfect Wansparent it 
is so intimately adherent to the subjacent@ptnea that it may 
be considered as the epithelial layer_o latter. 


The Lachrymal Apparatus. 


The lachrymal apparatus Orsists of the lachrymal 
glands and the channels of egyetion or lachrymal passages. 

The lachrymal glands oe of the superior or orbital 
gland, the inferior oF Be ral gland, and the accessory 
glands or Krause’s b. The first two are typical race- 
mose glands scarcl iffering from the salivary glands. 
The superior glad, about the shape and size of a small 
almond, is lod n the lachrymal fossa, a small hollow in 
the outer ere part of the orbital plate of the frontal 
bone. N twelve. ducts pass from it to open upon the 
surface oNYhe conjunctiva at the outer part of the upper 
forni The inferior gland, much smaller, lies along the 
dugtsNéf “the gland proper, directly beneath the conjunctiva 
e fornix and can be brought into view by turning the 
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eye downwards and inwards, while the upper lid is strongly 
everted. The accessory glands, or Krause’s glands, are 
minute simple glands lying immediately below the con- 
junctival surface between the fornix and the edge of the 
tarsus. There are about forty of these glands in the upper 
and eight to ten in the lower fornix. They empty their 
secretion into the fornix. 

The secretion of the lachrymal glands consists of 98.5 
per cent. of water with 1.25 per cent. of mineral salts, chiefly 
sodium chloride, and 0.25 per cent. of albumin. 

The lachrymal channels consist of the puncta lachry- 
malia, the canaliculi, the lachrymal sac and the nasal duct. 
The puncta lie near the posterior border of the free margins 
of the lids, about 6 mms. from the inner canthus. Each 
lid has one punctum and one canaliculus. The punctum is 
situated upon a slight elevation, the papilla lachrymalia; it is 
only visible when the lid is slightly everted, since in normal 
conditions the puncta are in apposition to the eyeball, so 
that they may be immersed in the lachrymal lake. 

Each canaliculus passes from the corresponding 
punctum into the lachrymal sac. It is first directed ver- 
tically for about 2 mms., then horizontally for about 6 to 
7mms. The two canaliculi usually open separately through 
the outer wall of the lachrymal sac, but occasionally they 
join together to form a single canal which opens into the sac. 

The lachrymal sac lies in a little cers ssion in the 
lachrymal bone. When distended it is aban mms. long 
in the vertical direction and 5 or 6 ne Uae, At the 
lower end it narrows just as it opens ky ne. nasal duct. 

The nasal duct, varying muc ize (12 to 24 mms. 
long and 3 to 6 mms. in diamet Oe downwards and 
slightly outwards and backware, ¥ d empties into the lower 
meatus of the nose. op 

The mucous membran ing the lachrymal passages 
forms, at different he Re olds which project in the lumen 
of the passage. ‘The eee of these folds occurs at the 
lower orifice of the uct and is called Hassner’s valve, 
though it is not re a valve capable of closing up the duct 
but merely a f roduced by the obliquity at which the 
duct peta: ese gh the mucous membrane of the nasal 


y moistening of the eye is dependent upon the 
gland and the accessory glands. Normally the 
secreted is just enough to keep the eyeball surface 
BESS and is lost by evaporation. Only under reflex irrita- 
tò, psychical or of peripheral nature, is an excess of fluid 
araa, and this is forced into the lachrymal lake by the 


Ra 
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act of blinking (the lids closing from the outer canthus in- 
wards) and from the lake into the nose through the puncta, 
the canaliculi and the nasal duct. 

It must be remembered that sclerosis or dryness of the 
conjunctiva does not result from the extirpation of the 
superior and inferior lachrymal glands, the moistening of 
the eyeball surface by the accessory glands (Krause’s 
glands) and the mucous secretion of the conjunctiva itself 
being sufficient to prevent it. On the other hand, epiphora 
does not usually follow the extirpation of the lachrymal sac, 
except in the presence of psychical or peripheral stimuli 
causing an excessive amount of secretion. This shows that 
under normal conditions there is very little lachrymal fluid 
that enters the nose, secretion and evaporation from the eye- 
ball surface about balancing each other. 

A few supplementary remarks on the ocular appendages 
may be useful. Secure elsewhere within the bony walls of 
the orbit, the eye is protected in front by the lids, which 
are able to close rapidly in order to keep out an excess of 
light or to lessen the effect of sudden mechanical shocks. 

According to Exner, the hairs of the eyebrows and eye- 
lashes are much more sensitive than similar structures in 
other parts of the body. Their importance from the point 
of view of protection is obvidus; the eyelashes are peculiarly 
adapted to prevent the penetration of dust particles from the 
air into the conjunctival sac and the hairs of the eyebrows 
keep the perspiration of the forehead away re eyes, 
beside moderating the action of the light rays above. 

The lids close automatically and remaj osed during 
sleep. During waking hours they also : automatically, 
i.e., by reflex action, under the influen XY external stimuli. 
Reflex blinking occurs when the ON is stimulated by 
a sudden illumination or by thę rid approach of some 
foreign body to the eye, or agai aN mechanical or chemical 
stimulation of the trigeminal pgrve, as, for instance, by the 
action of irritating gases on NP mechanical contact with the 
lashes, the conjunctiva ar@yécornea. 

Apart from the e SS accidental stimuli, there is a 
periodic blinking CH lids which seems to be intended 
to propel tears over tHe eyeball surface; this normal blink- 
ing, which takea ace at the rate of two or three closures 
per minute, wed by a rapid opening, increases in fre- 
quency ES nerves governing the movements of the 
lids are i ted by cooling or by drying of the corneal and 


conjuneiival surfaces. 
der that the cornea may retain its perfect trans- 
pa@pcy, it is essential that it should be continually irrigated 
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by a thin layer of lachrymal fluid which keeps it clean and 
prevents it from drying. This is insured by the secretion 
and the circulation of the lachrymal fluid. The lachrymal 
secretion is continuous and is estimated to be about three 
grammes for each eye daily in normal circumstances. This 
amount increases under the influence of certain stimuli. The 
fluid spreads from the outer and upper part of the con- 
junctival sac by capillarity over the whole of the anterior 
sutface of the globe between the palpebral and the bulbar 
layers of the conjunctiva towards the inner angle, i.e., 
towards the lachrymal lake, and as already stated, blinking 
facilitates the propelling of the fluid in the right direction. 

Except when the secretion is excessive, as it is in crying, 
the tears do not pass over the free margin of the lower lid 
as they are kept back by the layer of fatty matter secreted by 
the sebaceous glands at the root of the eyelashes. Lachrymal 
secretion, like the movement of the lids in blinking, is 
normally a reflex action produced by external stimuli. These 
may act on the optic nerve (as a sudden bright light) or on 
the trigeminal nerve (drying by evaporation or by a current 
of air, chemical irritation by pungent gases or vapours, 
mechanical stimulation by particles of dust or other foreign 
bodies). ° : 

As has already been observed, when the lachrymal 
sac is removed the tears seldom or never overflow the edge 
of the lower lid unless an increase of secre is artificially 
induced. Therefore, it is most proba that in normal 
conditions there is no draining e A the channels of 
excretion, evaporation from the free ace of the eyeball 
and conjunctival absorption being @QMcient to remove the 
tears, i.e., exactly balancing th etion of the glands. It 
is only when the flow of ca eeds the normal that the 
fluid collects in the lachryntel ake and passes through the 
channels to the meatus of Qe nose. 

As we have alre pointed out, the lids are closed 
during sleep, when pper lid drops by its own weight 
and the lower lid ut slightly raised by a weak contrac- 
tion of the orbj s muscle. The same mechanism applies 


to the volunt gentle closing. Winking movements are 
intended REN the fluid film on the cornea and bulbar 
conjuncti ga 


Gore energetic closure of the lids occurs by reflex 
acti hen a strong light suddenly enters the eye, or on 
tha stdden approach of a foreign body, or by contact of a 
ign body with the lashes, or by irritation of the cornea 
and conjunctiva, or again in sneezing. 
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This reflex closure of the lids is an important function 
in affording protection to the eyes. The reflex can be arti- 
ficially initiated by the stimulation of any of the branches 


of the ophthalmic or first division of the fifth (trigeminal) 


nerve. From the nucleus of origin of this nerve fresh fibres 
take up the impulses to the upper part of the nucleus of the 
facial (or seventh) nerve on both sides, and from these to 
the orbicularis. This reflex is one of the last to be abolished 
by anesthetics, and is therefore used as a convenient test; 
it is often called the corneal reflex. 


Blood Supply of the Eyeball Generally. Nutrition of the Eye. 


The eyeball and its appendages are supplied with blood 
by the ophthalmic branch of the carotid artery, which itself 
branches from the aorta and supplies the head generally. 
The ophthalmic artery enters the orbit through the optic 
foramen and to the outer side of the optic nerve. The 
ophthalmic vein which collects the venous blood of the eye 
leaves the orbit by the sphenoidal fissure and empties into 
the cavernous sinus (page 337). The various branches of 
the ophthalmic artery may be divided into two main groups, 
namely, the orbital group which supplies the lachrymal 
gland, the lids, the supra-orbital region of the head, the 
forehead and the nose, and the ocular group which supplies 
the eyeball itself. 

All the arteries supplying the eyeball are TA into 
two separate sets, the retinal set and the ciliar t? These 
two sets do not anatomose with each othe cept at the 
entrance of the optic nerve into the globe, 

The retinal set is based upon the Gsiribution of the 
central artery of the retina, a small which arises from 
the ophthalmic artery a little behi Ne globe and pierces 
the nerve 1.5 to 2 cms. from the%globe itself. It then runs 
along the axis of the nerve as ca tl described in page 219, 
to appear on the fundus as i@merging from the depression 
called the physiologic CA ually on the nasal side of the 
disc. On the optic d lightly in front of the lamina 
cribosa, the main æt& divides into an ascending and a 
descending artery, Con of which again branches into a nasal 
and a temporalGartery, the branching continuing in 
arborescent fa n. The retinal arteries are end arteries, 
ive., they anastomose but merely divide into smaller 


d 
and sma branches till they reach the size of capillary 
vessels. a branch of a retinal artery supplying a certain 
eao mes blocked (by embolism) that area degenerates 
c 
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Ount of the lack of blood supply. 
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During foetal life, the central stem of the artery con- 
ii tinues forwards across the vitreous, to the posterior lens 
al surface and is continued in a canal running through the 
Hig middle of the vitreous called the central canal or the canal 
Wi of Stilling. This canal remains in the fully formed eye as 
i a lymph channel, the hyaloid artery having disappeared. 
ii) The central artery of the retina is accompanied by its vein, 
Ii lying generally to the outer side of the artery on the disc. 
Mi The ciliary set of arteries supplies the rest of the eyeball 
i and is subdivided into the posterior and the anterior ciliary 
| arteries. 

The posterior arteries derive from the ophthalmic artery 
| and form a number of short twigs coming off independently 
Wi or as several trunks from the ophthalmic artery, and pierce 
| the eyeball about the optic nerve. They pass through 
Wh the sclerotic to supply mainly the choroid. As they 
i pierce the sclerotic, a few twigs are given off which 
WE anastomose with a few branches from the central artery of 
f 
| 


Wi the retina. These twigs unite to form an arterial circle 
il about the optic nerve, the arterial circle of Zinn, from which 
| the nerve substance gets a part of its nutrition. 

Along with the arteries passing through the sclerotic 
and going mainly to the choroid (the short ciliary arteries) 
there are two other branches, the long posterior ciliary | 
arteries, which run between the sclerotic and the choroid, 
lying in grooves in the former and reaching the root or i 
periphery of the iris where branches deriving from the two | 
vessels unite to form a large arterial circleẹŅe?major arterial 
circle of the iris). From this circle erous twigs are 
given off and converge towards the p around which they 
form the minor arterial circle of t is. 

The posterior ciliary artesigg)Jare unaccompanied by 


veins. 

The anterior ciliary agies (six to eight in number) 
are seen beneath the oculañgonjunctiva of a purplish colour 
which does not fade r pressure, and disappear from 
sight near the edg cornea. They run along beneath 
the ocular conjun in the episcleral tissue to near the 
edge of the c © Where they enter the eye to supply the 
ciliary body. t as they pierce the sclerotic they give up 
HH small brarg&@s which continue to the edge of the cornea 
HI and there @Astomose with the long posterior vessels to make 
Hi up tl i¥cumcorneal loops from which the cornea derives 
| its io . The anterior arteries are accompanied by veins 
I faritig also circumcorneal loops. The palpebral con- 
ii tiva is fed by the palpebral arteries which pierce the 
HI Ò tärsal cartilage to reach it. We have pointed out before 


| 
| 
| 
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that the retina has its veins. Almost all the venous blood 
of the entire uveal tract is collected by the veins of the 
choroid which converge to either one of four centres, one 
under each rectus muscle. From these centres large veins 
arise which pierce the sclerotic diagonally and leave the eye- 
ball to empty themselves into the ophthalmic vein. These 
veins are the venæ vorticosæ. A small part only of the 
venous blood of the iris and ciliary body leaves the eyeball 
through the anterior ciliary veins. Of course, the lids and 
the conjunctiva have their own veins as well as their own 
arteries. 


Venous Sinuses. 


As a general rule the arrangement of the circulatory 
apparatus is that we have described in page 91. Arterial 
blood loaded with nutriment derived from the digestive 
apparatus is pumped by the heart into the arteries, reaches 
the capillaries, which permeate most parts of the body, and 
is brought back into the heart in the condition of venous 
blood, i.e., loaded with the waste products derived from the 
oxidation process constantly going on in the tissues. In a 
general way we find in all organs one or several veins which 
collect the blood brought to those organs by the correspond- 
ing arteries. There is, however, an exception to this rule, 
this exception consisting in the existence of blood sinuses 
mainly found in the brain. These sinuses are 
their structure, inasmuch as they are formed b 
tion of two layers of the dura mater, or exter 
the brain. Lining the cleft or space BO d is a delicate 


membrane which is continuous with the § nal coats of the 
veins outside the skull. There are Qi of these sinuses 
which are generally three-sided in QN though the smaller 
ones are more or less circular. 

The most important one from bur present standpoint is 
the cavernous sinus, a short.@jd wide blood space at the 
side of the sphenoid an t outside the orbit. It is 
traversed by numerous us strands which give it the 
cavernous appearanc ich it owes its name. Posteriorly 
it communicates wit e ophthalmic vein which ultimately 
collects all the vengys blood of the eyeball. Enclosed in the 
lateral wall of Cavernous sinus from above downwards 
are the third, ourth nerves, together with the ophthalmic 
branch of fth. The sixth nerve and the fibres of the 
sympatheti® proceeding from the ophthalmic ganglion pass 
throu e cavity of the sinus and are thus immersed in 
venaus™blood from which thev are separated by a fine cover- 
endothelium. 
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Nutrition of the Eye. 

From what has been said just now, it is clear that the 
eyeball is richly supplied by blood-vessels which form 
numerous anastomoses. Some structures, however, notably 
the transparent optical media (cornea, lens, vitreous body) 
have no direct blood supply, and therefore depend for their 
nutrition on the flow of fluid or lymph from neighbouring 
structures. This fluid is secreted especially by the ciliary 
body, and is termed the aqueous humour. As we have 
already pointed out, the chemical composition of the aqueous 
fluid is water with a small proportion of mineral salts and 
traces of organic matter, chiefly in the form of albumin. 

After secretion, the aqueous fluid leaves the eye in one 
of three ways: (1) by travelling through the pupil from 
the posterior into the anterior chamber and then through the 
spaces of Fontana at the edge of the iris (the filtration angle) 
into the canal of Schlemm and thence into the ciliary veins; 
(2) through the crypts in the anterior surface of the iris into 
the veins of this structure; (3) between the suspensory liga- 
ments of the lens to the anterior surface of the vitreous then 
down the hyaloid canal to the papilla of the optic nerve and 
thus out via the lymphatic spaces of the nerve sheath. 

We have already alluded to the first two ways, and we 
have explained that, whatever the fate of the fluid may be, 
it is clear that the amount secreted must be the same as that 
which leaves the globe since otherwise these would be a 
variation in the intraocular pressure. A *afficient pres- 
sure would tend to disturb the correct 13 ionship between 
the internal structures of the eye an the same time to 
prevent the proper action of the gi@ty muscle in causing 
accommodation because the susp ry ligament of the lens 
would already be relaxed. reat a pressure, on the 
other hand, will interfere weth“fhe proper blood supply of 
the eye, and also will pre@§nt accommodation because the 
tension in the choroid wiybe too great for the ciliary muscle 
to overcome. Ro ; 


Lymphatic Spaces 9 S Eye. 

The lymp Ssages of the eye, regarded in the broadest 
way, may, Classified into the anterior lymph passages 
which cara ðut the aqueous fluid and the posterior lymph 


passa SY which we shall revert presently. 
ave pointed out before that the aqueous fluid leaves — 


Ament, which forms a fine filter that does not permit the 
nsmission of large corpuscular elements such as the blood 


. i Mterior chamber through the meshes of the pectinate 


oO corpuscles, but only of liquids and very minute corpuscles. 
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According to the prevalent views, these latter pass through 
the spaces of Fontana into Schlemm’s canal, which is com- 
parable to a venous circular sinus. Through the latter, 
therefore, and through the ciliary veins that anastomose with 
it, by far the greatest part of the lymph leaves the eye. 

Since the pectinate ligament is the main channel of out- 
flow for the eye fluids, very serious troubles are produced 
by its occlusion. The fluid is retained in the eye and 
increase of tension develops which leads to blindness. Injury 
to the filter of the pectinate ligament may occur in several 
ways. There may be occlusion of its minute openings by 
corpuscular elements which stick fast in them, or by clots; 
or again, the delicate meshwork of the pectinate ligament 
may be transformed into a tough and impermeable structure 
by remains of embryonic tissue or by inflammation, or 
finally, there may be apposition of tissue, usually the iris, 
which is applied to the pectinate ligament and thus cuts it 
off from the cavity of the anterior chamber. 

These changes, which form the basis of increase of ten- 
sion in the human eye, i.e., the production of the condition 
termed glaucoma, may also be produced artificially, in which 
case an artificial glaucoma can be set up. 

As we have already pointed out, the iris must be 
regarded as a subsidiary channel of outflow from the anterior 
chamber. The injection of Indian ink in a state of minute 
subdivision into the anterior chamber shows that tha particles 
of ink penetrate into the anterior layer of thex{is) stroma, 
where they are taken up by the blood-vessels Married off. 
The penetration chiefly takes place throug openings in 
the anterior surface we have described jhe crypts of the 
iris; through these, the tissue of the RA stroma is in free 
communication with the cavity o 8 anterior chamber. 
Clinical observations confirm thi&fatt; when, for instance, 
after an iridectomy, the anterior mber is filled with blood 
this disappears rapidly wher it lies upon the iris which 
takes up the blood, while i Oyiin for a longer time upon 
the capsule of the lens i rea corresponding to the true 
and to the artificial 

The part playe the iris in carrying off the aqueous 


fluid is usually regarded as comparatively insignificant; yet 
according to rei tesearches it seems that the iris is the part 


through whi ost of the aqueous is taken off; moreover, 
the: fluid passing into the iris is not discharged into 


Schlem N anal, as is the case for the portion of aqueous 
A 


which fW\ers through the meshes of the pectinate ligament, 
but.it\fasses into the anterior ciliary veins by way of the 
ly spaces in the sheaths of these vessels. 
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The posterior lymph passages are the perichoroidal 
space, i.e., the space between the sclerotic and the true 
choroid, a space which is occupied by the lax tissue of the 
suprachoroidal membrane and the lymphatic spaces between 
the sheaths of the optic nerve. The perichoroidal space is 
continued outwards along the vessels which pass through the 
sclerotic, especially the venz vorticose, and thus communi- 
cates with Tenon’s space which lies between the sclerotic 
and Tenon’s capsule. From this, the lymph reaches the 
spaces which run between the sheaths of the optic nerve. 
Besides these, there is assumed to be another lymph passage 
in the posterior portion of the globe which corresponds to 
the hyaloid canal in the adult and to the central artery of the 
vitreous in the embryo. Pathological processes show the 
existence of such a lymph passage which runs in the vitreous 
straight back to the head of the optic nerve, for even in 
slight inflammation of the anterior portion of the eye, the 
papilla is often found implicated though the posterior part 
of the globe may otherwise be normal; we must therefore 
admit that irritant substances from the focus of inflammation 
can reach the nerve head and the spaces between the sheath 
of the nerve by a direct channel through the vitreous. 

However, the posterior lymph passages carry only a 
small fraction of the lymph out of the eye and whether there 
are diseases which are referable to interference with this dis- 
charge of lymph is still uncertain. 

From these considerations, it results t here must be 
a proper control of the elimination of 1 on in order that 
the intraocular pressure may be maid at its normal 
value. O 

The study of the regulations Atie intraocular pressure 
is somewhat beyond the scope of the present work. It is 
sufficient for our purpose to&mefition the fact that experi- 
ments carried out by Hendef§pn have distinctly proved that 
there is such a increas decreases and that as the arterial 


blood pressure increase decreases so does the intraocular 
pressure. While t ial pressure varies between 70 and 
180 mms. of mer , the intraocular pressure was found 
to vary from 2300 mms. The change in intraocular pres- 
sure is there ess than one-sixth of that taking place in 
the blood rt follows that the controlling mechanism must 
have cqn¢éxterable efficiency. 

N rmal conditions, the intraocular pressure in the 
health*human eye is found to be between 25 and 30 mms. of 

y 


aya The tension thus set up in the eyeball is princi- 
borne by the sclerotic, though to some extent assist- 


2 is afforded by the choroid, owing to its elasticity and 
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by Tenon’s capsule, owing to the tonic contraction of its 
smooth muscular fibres which are innervated by the sym- 
pathetic system. 

It is a fact of observation that, though the cornea and 
the anterior half of the globe have attained their full develop- 
ment about the fifth year, the eyeball as a whole does not 
reach its full size till about the seventeenth or eighteenth 
year of life. During the intervening years, the axial growth 
of the eye takes place solely behind the equator by a process 
of retrocession of the posterior pole which continues until 
the eyeball is of the normal physiological length correspond- | 
ing to emmetropia. Anything that tends to diminish the 
resisting power of the young and comparatively soft sclerotic 
will cause an excessive yielding of the unsupported posterior 
pole before the normal intraocular pressure and so produce 
an excessive axial length of the globe or, in other words, the 
condition known as axial myopia. It was thought at one 
time that axial myopia was due to an increased ocular pres- 
sure brought about by an excessive action of the extra-ocular 
muscles, especially owing to the convergence required to 
bring the two visual axes to bear on the object looked at, this 
excessive action being more than the coats of the eyeball 
could withstand, The Austrian oculist Arlt was in favour 
| of this theory. Yet, if his hypothesis were true, the lamina 
l cribosa, being necessarily the weakest spot in the eyeball i 
wall would be driven backwards as it is in glayd4oma, but | 
this never occurs in myopia. The researches derson, 
to which we have alluded just now, proved ,@t, in normal 
conditions, the pressure within the eyebal d that within 
the sheaths of the optic nerve and b are exactly the | 
same; therefore the lamina cribosa tO eally no pressure l 
to withstand and so always retains rmal relationship to 
the adjacent parts of the ocular wadl.~ If, however, the intra- 
ocular pressure be raised, as ocQ¥ in blocking of the filtra- 
tion angle, the lamina is pus back giving rise to the con- 
dition known as glaucom ereas if the intracranial pres- 
sure is raised, as is th Se in a brain tumour, the lamina 
cribosa is pushed fopwa@yts, the condition being then known 
as choked disc. It\slfould be observed that an increase of 
intraocular press occurring in a child when the sclerotic 
has not reachegXxg full resisting power, will cause a disten- 
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tion of the, globe and the production of the condition 
called bus Imos or infantile glaucoma. 
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CHAPTER 'XVIITL. 


METHODS OF EXAMINATION OF THE LIVING EYE. 


Though the purpose of this book is mainly the study 
of anatomy, yet a few remarks on some of the methods of 
examination of the living eye may be useful. We do not 
propose to investigate all the various steps in a complete 
clinical examination of a given case, but merely to indicate 
some of the methods whereby details of anatomy can be 
made out. 

The shape of the globe is of importance. It is a well 
known fact that in high hyperopia there is a marked shorten- 
ing of the antero-posterior axis, while in high degrees of 
myopia we have a lengthening of the antero-posterior axis. 
In either case, the shortening or lengthening is entirely con- 
fined to the posterior hemisphere. It follows that no one 
can, by simple inspection of an eye from the front, say much 
concerning its refractive condition. But if the subject opens 
his eye widely, or still better, if the observer separates the 
lids with his fingers and then directs the subject to look 
strongly to one side, the equatorial region RA the globe is 
brought into view and in high degrees othe active error, 
the alteration in length becomes visible. Q 

The examination of the state of Q» lid margins, that 
of the insertion of the cilia, togethe th the observation of 
the shape of the anterior seg of the globe and the 
arrangement of its constituti tts can easily be carried 
out with the naked eye or aGueaitying glass can be used. 
Though some of the ocyljsty in the first half of the roth 
century (e.g., Sansom, kenzie, etc.) used a convex lens 
for the purpose of mination of the anterior segment 
of the living eye, N must be regarded as the first to 
make a systemafic Se of this method of investigation, which 
he also employe to ascertain the changes occurring during 
oe aan Os | Liebreich must have the credit of having 
SREP SS e examination by means of a convex lens in 
actuan tice, and Von Graefe pointed out about the same 

as*Liebreich (1855), the extreme importance of local or 


tim 

Go illumination used in conjunction with a magnifying 

fe s to detect the presence of slight opacities in the refract- 
hg media (i.e., the cornea and lens). 


EXAMINATION OF THE EYE 343 


Corneal Loupes. 


It is well known that a convex lens used as a magni- 
fying glass gives erect, enlarged virtual images of objects 
lying within the focal length of the lens. An ordinary trial 
case lens of 15 to 20D may be used, but certain magnifying 
instruments of higher power have been devised for the pur- 
pose. Thus Nachet’s small pocket loupe consists of a 
cylindrical tube 27 mms. long and 20 mms. diameter with a 
+ 20D lens at each end. The instrument magnifies about 
three diameters and has a fairly large field. 

Steinheil’s loupe consists of a solid piece of glass 
mounted inaring. It has a convex surface at each end and 
is constricted in the middle. The sides are blackened and 
the constriction, which is also filled with black varnish, acts 
as a diaphragm and minimises the aberrations which other- 
wise would be troublesome. The working aperture is 
35 mms. and the focal distance practically 20 mms. The 
image viewed is very clear, and the field sufficiently large, 
but the instrument is necessarily somewhat heavy. 

Hartnack’s achromatic and aplanatic loupe consists of a 
short metallic tube of 20 mms. in length, carrying a series of 
lenses, the total effect of which is + 60b. ‘The aperture is 
16 mms., and the focal distance the short one of 16.6 mms. 
The linear magnification is about 5 diameters. The field is 
fairly large. 

Brucke’s loupe is perhaps the most satis sehr design 
for the examination of the cornea and the fr, art of the 
lens in the living eye. It consists of two centric metal 
tubes, the inner one sliding into the out e. The instru- 
ment is 95 mms. long when the tub e drawn out and 
70 mms. when closed. The object made of two plano- 
convex lenses of 20 D and 10D ree vely, placed with their 
flat surfaces turned towards cache er and at such a distance 
that the equivalent focal len about 35 mms. The eye- 
piece is a concave pe of eg ac liaphragm to minimise 


the aberrations. he instrument amounts to a 


Galilean telescope ada Ww view objects at short distances. 
When the tubes rawn out the instrument has an 
equivalent focal A of 48 mms., and magnifies six times. 


With the tubes” ved, the focal distancan is 60 mms. and the 
magnificatio RO 


Corneal KO 


ay better result is obtained by means of a high- 
rneal microscope. The latest model of Sutcliffe’s 
Ssebetometr can be used as an ophthalmic microscope. The 


lameters. 
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two boxes containing the doubling apparatus are drawn half 
way out so that about one and a half inch aperture in the 
object lens of the telescope may be left without any doubling 
device. The instrument is thus reduced to a short focus 
telescope, or more exactly, to a microscope which is focussed 
on the patient’s eye. The instrument may be used either 
in daylight if the telescope is so placed that the light from a 
well-illuminated window can fall sideways on the eye under 
examination, or still better, the special lamps fitted to the 
stand of the keratometer may be used so that a strong dif- 
fused light can be thrown on the eye. 

A very beautiful enlarged and inverted image of the 
lids, the eyelashes, the sclerotic, cornea and iris will be seen. 
A slight readjustment of the focussing is necessary as one 
passes from inspection of the lids to the inner parts of the 
eye. By careful adjustment the deeper parts of the lens can 
be illuminated. 

The keratometer is fitted with two eyepieces, one of low 
magnification and wide field, the other with a much higher 
power and smaller field of view. These two eyepieces are 
mounted in a way similar to the double nose-piece of the 
ordinary microscope and can be brought in position, one 
after the other, almost instantly. The magnification varies 
from about 5 or 6 diameters with the lower power (or longer) 
eyepiece to 12 or 15 with the higher power (shorter) eyepiece. 

As an ordinary magnifying glass is intended for mono- 


cular vision, and the same remark applie the various 
methods or the various modifications of ive’ have briefly 
described just now, these methods do easily give that 


severenstreeeeniany, 
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PIG? 32." BINOCULAR 
CORNEAL LOUPE repro- 
duced by kind permission of 
Messrs. J. & R. Fleming, Ltd. 
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ion of the eye. For this reason, binocular corneal 
Copes or binocular corneal loupes have been devised. 
convenient and simple form is the binocular corneal 


Cipupe which consists of two sphero-prisms, bases in, placed 
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in a frame which can be strapped on the observer’s head so 
as to leave his hands free (fig. 32). A more elaborate model 
(fig. 33) carries a small electric lamp fixed at the upper part 
of a frame in which the lenses are mounted and serves to 
illuminate the portion of the anterior part of the eye under 
examination. 

One of the most satisfactory binocular corneal micro- 
scopes is that devised by Czapski, in which binocular vision 
is obtained by a combination of two short focus telescopes, 
each of which is made of a convergent object-lens, and a 
convergent eyepiece; between the object-lens and the eye- 
piece of each telescope, a system of prisms is inserted, the 
purpose of which is, as in prismatic binoculars, to permit a 


FIG. 33. 


Fic. 33. BINOCULAR 
CoRNEAL LOUPE WITH 
ELECTRIC ATTACHMENT 
reproduced by kind per- 
mission of Messrs. J. 
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shortening of the instrument, Oi, of the image and a 
wider field with a good scopic effect. A _ special 
mechanical arrangement aie obtain a variation in the 
pupillary distance beta 56 and 76 mms. The handling 
of the instrument is © ely simple. The subject is placed 
with his chin on g Bs¥ed chin rest or his forehead applied 
to a head rest aå} done in most modern ophthalmometers 
and keratome The pillar carrying the twin telescopes 
can be moye8Norwards or backwards by means of a screw, 


and the any tment of the height is obtained in a similar 


way. ittle lamp of 6 volts with a reflector is fitted above 
the icroscopes and serves to give a good illumination 
We anterior part of the eye. 


wl 
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Focal or Oblique Illumination. 

A more complete examination of the anterior segment 
of the eye requires the use of oblique or focal illumination. 
The principle of the method consists in creating a strong 
contrast between the area that is being illuminated and the 
surrounding area which is kept in darkness. 

The principle of focal or oblique illumination is easily 
understood. When a beam of solar light enters a dark room 
through a hole in the shutter, the path of the beam is shown 
by millions of fine particles of atmospheric dust dancing in 
its course and the beam is thus sharply defined owing to the 
contrast with the surrounding darkness. If the shutters are 
open to flood the room with sunlight or even in ordinary 
diffused daylight, we do not see so readily the particles float- 
ing in the atmosphere because they receive light from all 
directions, and are therefore all equally illuminated; conse- 
quently they do not excite any visual sensation since they 
do not contrast with their surroundings. Such a contrast is 
a requisite of every sensory perception. In the case of a 
single sunbeam the particles of atmospheric dust on the path 
of the beam are intensely illuminated, their minute surfaces 
reflecting or scattering light like so many mirrors, while 
those in the surrounding air remain in darkness. A sharp 
contrast is the result and we are so enabled to see the 
par cles Nes the path of the beam, quite easily. 

This principle is applied in lateral illumination of the 
anterior segment of the eye, a method of hand oblique 
or focal illumination. Though it is im ae to produce 
such a striking contrast as that ob in the case of 
the atmospheric dust in the sun ses ee! illumina- 
tion beside absolute darkness, e amount of 
light can be thrown upon soma ions of the eye and shade 
upon the neighbouring area, sales causing a marked contrast. 
The bright light is obtaing@y'n a dark room at or near the 
apex of a cone of ligh O reading from a source (the 
ordinary light used inhi halmoscopy or retinoscopy) con- 
centrated on the p e eye that is being examined by a 
strong convex le The surrounding darkness is likewise 
due to the le d is really the shadow of the peripheral 
portion thrown round the illuminated area, a fact which does 

~Aeive the consideration it deserves. Of course, 


not usuall 
the con ‘ey is diminished by diffused light falling from the 
wal the various objects in the room, but this does not 
cayseNany considerable disturbance. 
When it is proposed to examine the details of structure 
Qe e anterior part of the eye by focal illumination, it is 
necessary for the observer to vary the direction of his vision ; 
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a faint grease spot on a piece of paper is seen more easily 
if it is looked at slantingly. In the same way, a slight flake 
of mucus or a faint corneal opacity is more easily recognised 
if viewed very obliquely. Another reason why we should 
change the direction of our gaze is that the corneal reflex 
(i.e., the catoptric corneal image of the source of light) is 
very disturbing at certain points and is avoided by a proper 
change of position of the observer’s eye. Also, in the 
examination of the cornea and aqueous fluid, the background 
of the transparent cornea and aqueous varies as it is formed 
by the black pupil or the coloured iris, and it is obvious that 
a slight corneal opacity will be more easily recognised on 
the black background of the pupil, while a dark foreign body 
will show more easily on the background formed by a light 
iris. 

It is likewise necessary to alter the direction of the cone 
of light to perform a complete examination. Generally the 
axis of the cone of incident light is almost at right angles to 
the visual line of the subject’s eye; hence the term lateral 
illumination, but to see the lens the incident light has to be 
more nearly in front of the subject; this might be called 
perpendicular illumination. To see the changes which may 
occur in the nucleus and the deep parts of the lens, the axis 
of the illuminating cone should almost coincide with the 
visual line. 

In practising the ordinary focal or oblique illumination 
the room should be darkened as much as possi nd the 
walls and ceiling should be of dark colour to a reflection 
at their surfaces. The source of light may an ordinary 
electric bulb, or even an incandescent g rner. In any 
case, it is well to have the source enclose an opaque box 
or an asbestos chimney fitted with a ture level with the 
source and adjustable in size by m&gnS“of an iris diaphragm. 
The lens serving to illuminate th@)part of the eye which is 
being examined should be a vex one of 15 to 20D; a 
weaker lens does not give Scien illumination. 

The aperture of the | nei uld be 4 to 44 cms. Another 
convex lens of 12 tọ AS or any of the corneal loupes 
previously described be used as a magnifying glass. 

The observer, the subject should be seated opposite 
each other, the (ey ce of light being 50 to 60 cms. to the 


side and a litt front of the subject. The observer holds. 
the iung iens in a plane perpendicular to the line 
joining the ource and the subject’s eye, and from 6 to 
8 cms the latter. The apex of the cone of light pro- 
duc oy illuminating lens is then thrown upon the part 
ok aheeye which is being examined, or better still, a little 


wy 
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behind that part so that a bright illuminated circle, sur- 
rounded by darkness, be projected on the subject’s eye. By 
slight movements of the hand of the observer which holds 
the illuminating lens, or by slight movements of the eye and 
head of the subject, different parts of the anterior segment 
of the eye are illuminated and can be viewed by the observer, 
either with the help of a simple magnifying glass (held at 
a distance from the subject’s eye somewhat less than its own 
focal length) or by means of one of the corneal loupes 
described above. 


The Slit-Lamp. 

Of recent years, the examination by focal illumination 
has been rendered much more perfect by means of what is 
called a slit-lamp, originally devised by Gullstrand and 
manufactured by Zeiss. The introduction of the slit-lamp 
has made possible the microscopic examination of the 
anterior segment of the living eye with a magnification which 
cannot be obtained by the older methods of investigation. 
The principle of the slit-lamp is easy to understand. The 
cornea, the aqueous fluid, the crystalline lens and the 
vitreous, though transparent, produce by reason of their 
structure a certain amount of scattering of the light falling 
upon them. This scattering is sufficient, if the illumination 
is intense and critical, to render visible the structure of these 
apparently transparent media. 

The function of the slit-lamp illum} is to produce 
upon the part under observation anqa#ensely bright and 
well defined image of an illuminat it, thus illuminating 
a portion of the tissues which readily be examined 
through the surrounding tary nt structures which, not 
being illuminated, will gege y be invisible. The illu- 
minated section will then O een standing out brightly and 
contrasting most perfectly With the surrounding background. 
The area illuminated ogi of course upon the width of 


the slit image an G ore on the width of the slit itself, 


which is adiuelain 
Just as AO) viously important that a section of any 
d 


tissue viewe er the microscope should be thin, so in 
order to s a good resolution of details in the portion of 
an eye ned by the optical device we are now concerned 
with ag image of the slit must be narrow and its definition 
as as possible. In order to secure this condition it will 
gsi that it is necessary to keep the observing microscope 

etted towards the exact focus of the illuminating beam 

s only at this point will the section be thin and clear cut. 
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An excellent form of slit-lamp has been devised by Mr. 
E. F. Fincham, of the Northampton Institute. In the 
original slit-lamp of Gullstrand, the illuminating system and 
the observing microscope were free to move independently ; 
this necessitated the readjustment of both direction and focus 
when the inspection was moved from one part of the eye to 
another. 

In Fincham’s lamp both the illuminating apparatus and 
the microscope are mounted upon an arc which has its centre 
at the focus of the illuminating beam. (See fig. 34.) Then 
the only adjustment that is required is the focussing of the 


x 


FIG. 34. 
Fic. 34. THE FINCHAM Sua, Reproduced by the courtesy of 


Messrs. Clement Clarke, Ltd. 
A is a screw serving to raise ede: the whole instrument. B is the 
P 


handle of a sliding tube carryi rojecting lens PL; C is a clamping 
screw to immobilise the arc ng the microscope; F is the focussing 
screw of the illuminating the instrument. H and V are screws for 
the horizontal and vertica justment of the illuminating part; L is the 
lamp housing with the mount LM; LS is the locking screw of the pillar; 
M the handle for ro the microscope along the arc which carries it. 
X is a focussing sc d a vernier. Y is a Greenhough binocular micro- 
scope which c AEPASRA, if desired, by a monocular microscope fitted 
with an SNS 


to b ned, when the image of the latter will automatic- 


o of the slit upon the part of the eye that is 
ang brought into the centre of the field of the microscope. 


g 


AS 
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This adjustment is made by racking forward the arc 
carrying the two components of the instrument, exact focus- 
sing being secured when the image appears centrally in the 
microscopic field. The microscope may then be focussed 
independently to suit the observer’s vision. . In order to 
examine the anterior part of the globe under various angles, 
it is only necessary to move the microscope along the arc, 
the centring and focussing remaining unchanged. This 
movement is necessary as, although where possible it is often 
desirable to examine the section perpendicularly to the illu- 
minating beam, a smaller angle of observation must be | 
employed when observing the deeper structures, owing to 
the oblique view being cut off by the iris. Although for 
the purpose of studying the optical media of the front part 
of the eyeball the combined centreing of microscope and 
illuminating system is the ideal arrangement, yet it is found 
in practice that many pathological states of the eye are seen 
to greater advantage by indirect methods of illumination 
which could not be obtained under these conditions. 

Fig. 35 represents the anterior portion of an eye having 
a small and faint opacity situated in the cornea. If the illu- 
minating beam be directed through the cornea to one side 
of the disturbance so that the crystalline lens be illuminated, 
then by adjusting the direction of observation correctly the 


Fic. 35. 
I—Illuminating beam O—Direction of observation. 
(Reproduced f, ransactions of the Optical Society). 


opacity will be fora more or less dark against the bright 
background offe lens. Under these conditions the density 
of the opaté&can be estimated by comparing its brightness 
with that@*the background. 

<i Sometimes possible to illuminate such an opacity, 


and erve it against a dark background, by arranging the 
In 
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the small white or translucent body in the cornea. The 
microscope is then directed so that the opacity illuminated 
in this manner is seen against the dark background of the 
pupil. 

The optical arrangement of the Fincham slit-lamp is 
easy to understand from fig. 34. The illumination is pro- 
duced by a 12-volt Osram gas-filled lamp having a vertical 
spiral filament. This is found to give a well-defined image 
sufficiently free from aberration. In the plate P carrying 
the slit: are two circular apertures of different diameters, 
either of which may be substituted for the slit when it is 
desired to examine the surface either of the optical media or 
of the iris, conjunctiva, etc. By suitable adjustment of the 
direction of illumination and observation when using a cir- 
cular aperture, the tesselated appearance of the corneal endo- 
thelium or even the stellate arrangement of the lens fibres 
may be made visible. The No. 3 eyepieces of the micro- 
scope give a magnification of 19 diameters, and this may 
be increased to 25 or to 34 diameters by the employment of 
the No. 4 or No. 5 eyepieces respectively. 

To allow of the the adjustments necessary for indirect 
illumination small screws, H and V, are provided, whereby 
the slit-lamp may be moved horizontally and vertically. 
Index lines are provided in order that the original position 
of the lamp may be readily regained. In addition, the pro- 
jecting lens, PL, is mounted in a sliding tube operated by a 
small handle, B, to enable the focussed image XS slit to 
be projected to a point behind that under obse on in the 
microscope; this condition is necessary for rep€S<flumination. 

The slit-lamp is focussed by rackin ckward or for- 
ward in the direction of its axis, by s of the milled 
head F seen just below the scale. movement carries 
with it the arc bearing the mre thus automatically 
maintaining the centreing of © zo components. 

An important use of the ghit-famp is the determination 
of the apparent depth of E chamber, a measure- 
ment of considerable vą only in experimental work 
but also to the a e diagnosis of glaucoma. This 
is made with the e forms of corneal microscopes by 


cessively the corne@&nd the anterior surface of the crystalline 
lens. This m is, however, open to error, as it depends 
upon the Rone s estimation of exact focus and also upon 
the contro his accommodation. These difficulties are 
avoide making the measurement with the slit-lamp. 
OwinXSo the fact that the microscope is directed constantly 

focus of the illuminating beam, the observed surface 


determining the aoe ent necessary in order to focus suc- 
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will appear central in the microscope field only when the 
light is accurately focussed upon it. It is therefore only 
necessary to measure the amount of movement required to 
bring successively the posterior surface of the cornea and 
the anterior surface of the lens into coincidence with a 
central cross wire in the field of the microscope to obtain 
the apparent distance between these two surfaces. To enable 
these readings to be taken, a small scale and vernier X have 
been fitted to the focussing slide of the instrument. 

In the latest model of the Fincham slit-lamp, a Green- 
hough binocular microscope Y is fitted instead of the single 
one of the original model, a feature which permits binocular 
vision of the erect image of the parts under examination, and 
affords the stereoscopic effect which is so desirable in 
practice. 


Inspection Lamp. 


The only drawback of the slit-lamp is its comparatively 
high price. A type of lamp which can be held in the hand 
or fixed to a stand has recently been placed on the market 
under the name of inspection lamp by Messrs. Rayner & 
Keeler, Ltd., of Vere Street, Cavendish Square, London. 
This instrument can be used to a certain extent as aslit-lamp. 

The lamp in its original form had been designed to give 
an intensely bright circular patch of light, free from unéven- 
ness due to the filament image, with the object of facilitating 
precise observation of the anterior parts e globe. A 
circular plate with three apertures plac ind the con- 
densing lens can be revolved to bring aperture into the 
axis of the projecting or illuminati am. In the newer 
models, one of the apertures is cl Ohe other is fitted with 
a coloured filter to meet indivi requirements, while the 
third contains a lens system whieh enables the lamp filament 
to be projected as an extr y narrow band of light. In 
this latter condition, the danip forms a useful and compara- 
tively inexpensive siege 

By loosening immediately behind the aperture 
plate the whole e projection system can be removed, 
leaving only tle #amp in position. A short tube with an 
opal disc andan íris diaphragm can then be placed in posi- 


tion so as taXe#able the observer to use the lamp for ophthal- 
moscopi retinoscopic purposes. 

SS 
The N of the Cornea. 


o ascertain numerically the curvature of the corneal 
a e in its various parts, an ophthalmometer or kerato- 
eter is of course necessary. The description and the working 


THE PLACIDO DISC 353 


of such instruments is beyond the scope of this work. 
A good idea of the shape of the external corneal surface and 
of its possible variations can, however, be obtained by means 
of the simple and inexpensive appliance termed the Placido 
disc, which consists of a disc about 25 cms. diameter on the 
surface of which concentric rings of equal depth and alter- 
nately black and white are painted. The centre of the disc 
is perforated by a sight hole which may, for the sake of 
convenience, be fitted with a magnifying glass. 

The subject, sitting with his back to a well illuminated 
window, is directed to look at the centre of the disc by the 
observer at such a distance that he, the observer, looking at 
the subject’s eye through the central hole or through the 
magnifying glass fitted in that hole, may see a clear image 
of the rings formed by reflection at the anterior corneal 
surface acting as a convex mirror. 

It is clear that if the corneal catoptric images of the 
ring appear circular, then the portion of cornea which forms 


R 


Fic. 37. To illustrate the fact t in the observation of the virtual 
image of a given object formed by, ane mirror and viewed by an eye 
occupying a definite position, onl all portion of the mirror intervenes, 
so that the appearance of th e depends on the regularity or lack of 
regularity of this portion of fe) flecting surface. 


these images is tryly“Spherical. If on the other hand the 
corneal images Ne rings appear elliptic or again appear 
more or less i ularly distorted, the portion of the cornea 
which eS ese images is either regularly or irregularly 
astigmaticN\ 

It uld be well understood that the appearance of the 
imageS9f the rings only conveys an idea of the curvature of 
the Option of corneal surface which forms these images. 

2A 
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The matter will be made clear if we consider the working of 
a plane mirror. Let MM’ (fig. 37) be a plane mirror and A 
a luminous point in front of it. We know that the effect of 
the mirror is merely to cause all the rays from A which strike 
it to be reflected as if they were really proceeding from a 
point A’ symmetrical of A with respect to the mirror. Thus, 
a ray Al is reflected along IS as if proceeding from A’. 
Likewise all other rays from A which strike the mirror are 
similarly reflected, so that the whole of the reflected rays are 
included between MR and M’'R’, both of which are reflected 
as if they were proceeding from A’, a point symmetrical of 
A with respect to the mirror. 

Now let an observer’s eye E be so placed on the path of 
the bundle of reflected rays that its pupil occupies the posi- 
tion pp’. Amongst all the reflected rays, only those included 
between the lines A’p and A’p’ cutting the mirror at m and 
n respectively can enter the pupil; the reflected ray mp is 
due to the incident ray Am and the ray np’ to the incident 
ray An. In other words and so far as the eye considered is 
concerned, only the incident pencil included between Am and 
An giving rise to the divergent pencil included between mp 
and np’ can enter the pupil. Therefore, so long as the 
luminous point occupies the position A and the pupil of 
the observer the position pp’ the appearance of the virtual 
image A` of the object A will depend on the nature of the 
portion mn of the surface of the mirror. We could paint 
or cover the mirror on all its surface exc the part mn 
without the eye with its pupil at pp’ ceasi ee the virtual 
image A’* of A. If, however, this poy of mirror is dis- 
torted the image A’ seen by the ey e position it occu- 
pies will appear distorted. So, fod$iven position of object 

on 


and a given position of the 9 er’s pupil, only a small 
can be determined as 


bit. of mirror, the extent o 
explained above, serves tog~@Nermine the appearance of the 


virtual image A’ of the A. 

These considerati pply, word for word, to the case 
of a convex mirror o the case of the cornea, acting as 
a convex mirror. y in the latter case, since the observer 
looks at the c¢fngel images through the centre of the disc, 
the regularit lack of regularity of the corneal images of 
the rings cousin data as to the shape of the portion of 
cornea, yid) is directed to the centre of the disc during the 
aS on. It follows that if the subject looks at the 
centà\f the disc, the appearance of the images will show 

tether the central portion of the cornea, i.e., the portion 

ving to vision in the ordinary way, is spherical or is 

Oregularly or irregularly astigmatic. Should the subject be 
<b 


THE PLACIDO DISC 


then directed to turn his eye so as to fix a point on the hori- 
zontal diameter of the disc away from the centre, it will be 
seen that even if the corneal images of the circles were 
circular when the point of fixation occupied the centre of the 
disc, these images become more and more elongated in the 
horizontal direction when the point of fixation is shifted side- 
ways; hence it is proved that even if the central portion of 
the cornea is regular and free from astigmatism the peri- 
pheral portion becomes less and less curved. 

Beside the use of the Placido disc to ascertain at least 
roughly the presence or absence of corneal astigmatism in 
the central or visual zone of the cornea, this simple appliance 
is also useful to detect slight opacities of the cornea which 
might escape observation even by the focal illumination 
method. While well marked disease of the cornea is usually 
seen at a glance, yet we often observe cases in which there 
are patches of scarring due to previous ulceration. If well 
marked and whitish in appearance these constitute what is 
called a leucoma, but it frequently happens that the scars 
are less visible and of such a cloudy and faint nature that 
they are called nebulz. Besides, in the case of a slight 
nebula it may happen that the corneal tissue, though dis- 
torted in its shape, does not show any trace of apparent 
opacity when examined in the ordinary way or even by focal 
illumination. It is in such cases that the Placido disc is of 
assistance, as well as in the case of a foreign body etpbedded 
in the corneal surface. It is not a rare inst o find 
subjects who state that they have some foreig@yparticle in 
their eye though the particle may be invisibleh the ordinary 
ly minute and 
in size. They 


examination. Such particles are often exe 
perhaps less than the tooth of a milli e 7 
are, however, always surrounded b We droplets of tears 
and a slight swelling of the corntgl epithelium. The eye 
being examined with the PlaciddQisc, the corneal images 
are broken at the affected aose is thus easily recog- 


hose defects of the cornea 
known as “‘ steamy °” onXdss of polish.” The reflected 
rings are then seen wit rrated edges like the teeth of a 
fine saw and in any gage the affected area shows a marked 
contrast to the cleagylefinition of the remaining portions of 


the circles. cA 


we 


SÀ 
È 
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nised. Then again, we h 
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CHAPTER XIX. 
DISSECTION AND MICROSCOPIC SECTION MAKING. 


The making of sections of the whole globe (similar to 
those which accompany this book, and are intended to be 
examined by means of a stereoscope) does not offer any 
serious difficulty. 

A fresh eye easily procurable from any slaughter-house 
can be used as it is, but it is better to harden it, after all 
the muscles and fatty tissue from the outside of the globe 
are carefully removed.* 

A good and easily obtainable hardening medium is 
formol or formalin, which consists of an aqueous solution 
of formaldehyde (40 per cent.). This solution, usually 
called commercial formalin and procurable from any chemist, 
is colourless and quite clear. To make the hardening fluid 
from it, it should be mixed in the proportion of one part 
of commercial formalin to 9 parts of distilled water or, still 
better, to the same amount of water to which 7.5 per cent. of 
salt has been previously added. 

The fixing medium thus obtained is colourless, with a 
strong smell which irritates the mucous membrane of the 
nose and of the eye. The vapours causing this irritation 
are, however, not dangerous and the digayreeable sensa- 
tions they cause soon disappear and d eave any per- 
manent injury. 

The proportion of the mixing o commercial formalin 
with water depends on the size o organ or part of organ 
which is being investigated. arden the whole eyeball, 
the above mixture, namely, Cer of commercial formalin 
to nine parts of water, is De oa The hardening takes 


served for a considera ime in a weaker solution (say 3 to 
5 per cent.) and d in the solution stated just now 
when required issection. The different parts of the 
globe are not,(hqWever, regularly hardened and the sclerotic 
éns become considerably harder than the rest 

/ hence the necessity of limiting the time of 

n the above standard solution to about 24 hours 


about 24 hours. erage any fresh eyeball can be pre- 
e 


1 In the preparation of the portion of the present chapter which is 

cérned with Dissection, the author has obtained many useful hints from 

r. Woll’s book on the Technique of Dissection of the Eye published in 
New York in 1924. 
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The organs treated by formalin assume a special con- 
sistence, at the same time hard and somewhat elastic, like 
india-rubber. They can, therefore, be cut directly on being 
removed from the hardening fluid. A razor with one of its 
two surfaces quite flat is the best instrument to use for the 
purpose. A great advantage of formalin as a hardening 
medium is its rapid action. The main drawback: is that 
besides abnormally hardening the sclerotic and the lens, it 
renders the latter opaque and, moreover, the choroid is so 
tightly compressed owing to the swelling of the vitreous 
which occurs while the specimen is in the solution that its 
true structure may be appreciably altered. 

Another hardening medium often used is Miiller’s fluid, 
consisting of bichromate of potash 10 parts in weight, sul- 
phate of soda 5 parts, distilled water 500 parts. The action 
is much slower and more regular than that of formalin and 
six weeks represents about the minimum time for the harden- 
ing of a globe. 

Freezing a globe in an ordinary freezing mixture is a 
quick means of hardening, but all the tissues and parts of 
the eyeball do not freeze with the same uniformity, and 
besides, quite fresh tissues suffer appreciably in the freezing 
and the consecutive thawing. 

Whichever method is used, the student will be able 
to make for himself sections of the globe in various direc- 
tions and to obtain the views represented by the stereograms 
III. to XIV. which accompany this book. A 

The necessary material consists of a raz one or two 
scalpels, a pair or two of forceps or veenege a pair or 
two of scissors of different sizes. A ; wide-mouthed 
vials are required to keep the various rations in a pre- 
serving fluid for further examina Q) and some shallow 
glass trays, lined at the bottom w¢heérk, are useful for the 
purpose of examination of the seghmens under water. 


when the eyeball is freshly oved from the orbit. It fol- 
lows that proper specimgan@pWhuman eyes are not available 
in the ordinary dissec~ room of a medical school. As 
pointed out in. the e to this book, the eyeballs which 
were used to prepare the stereograms we show were removed 
a very few hourggMer death, but as this is not practical for 
the optical st t he should procure eyeballs of the pig, 
the sheep @AMe ox, which suit the purpose very well. It 
is essentia) owever, that the student should complete his 
study by\the examination of a fresh human eye, and it is 
for AQ son that we have reproduced the most interesting 

dn belonging to the set published by Dr. A. Thomson. 


A satisfactory freshly QÀ e globe can only be made 
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In point of size and also in all particulars, the eyeball of 
the pig most closely resembles the human eyeball. It 
should be removed from the orbit before the animal is 
scalded in boiling water, which would alter some of the 
parts. On the whole, however, it is perhaps better that the 
student should begin with the bigger eyeball of an ox, since 
the dissection can be carried out more easily. 

The first thing to do is to remove the conjunctiva, the 
capsule of Tenon, the extra-ocular muscles and the fatty 
tissue which adheres to a globe removed without precaution 
from its orbit. Pinching up with a pair of forceps the con- 
junctiva and the capsule of Tenon close to the corneal 
margin, the student should snip through these layers with 
a pair of scissors and divide them completely round the edge 
of the cornea. It is now easy to strip all the soft parts from 
the surface of the sclerotic coat, working steadily backwards 
towards the entrance of the optic nerve. A little behind 
the equator of the globe, the venze vorticosz (or vorticose 
veins) will be noticed issuing from the sclerotic coat at wide 
intervals from each other and, approaching the posterior 
aspect of the eyeball, the posterior ciliary arteries and the 
ciliary nerves will be seen piercing the same coat around 
the entrance of the optic nerve. To obtain a general con- 
ception of the parts which compose the globe, the best way 
is to select two specimens and to make sections through them 
in two different planes. One specimen may be divided by 
an equatorial plane into an anterior and osterior half, 
whilst the other may be divided by an O-posterior or 
sagittal plane into a medial and a lat alf. As already 
stated, these sections cannot easily ade with a knife on 
the globe as it is. A previous ning is necessary by 
means of a formol solution "O üller’s fluid or, if this is 
impossible, freezing may be ted to. In the latter case, 
the specimen should be pl S in a tin box and surrounded 
by the ordinary freezin íxture of ice and salt; two or 
three hours are required complete the process. 


Equatorial Section of ae Study of the Posterior Hali. 


For the st f the interior of the eye and its contents 
in situ, AA fesh eye or a hardened eye will do, though 


the latter isQSeferable for the sake of convenience. All the 
muscles the fatty tissue outside the globe are removed 
from surface of the globe, and the eyeball is then 

NY y an equatorial section into two halves, an anterior 


divi 

gly posterior one. The cutting of the sclerotic as well as 

thdt of the underlying parts (choroid, retina and vitreous) 
Sis better done by means of a pair of large scissors since a 


S 
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knife or a scalpel will tend to tear some of the most delicate 
parts. An ordinary safety razor blade is, however, an excel- 
lent instrument for cutting the globe into two halves because 
it cuts through the tissues without tearing them in any way. 

When the globe is thus halved, a dark-coloured viscid 
fluid escapes; this fluid is really the perichoroidal lymph and 
not the aqueous humour as is sometimes stated. The 
posterior half or posterior hemisphere of the globe should 
be dealt with first, as it is easier to handle than the other 
half. In this half the retina is readily seen through the 
vitreous, and the choroid with its iridescent tapetum through 
both vitreous and retina. By simply tilting the half eye 
under examination and pushing the vitreous out with the 
finger, the latter medium is easily removed. It may happen, 
however (and this is especially so if one deals with an eye 
hardened in formalin), that the vitreous is closely adherent 
to the retina. In this case, the removal of the vitreous 
without injury to the retina is a matter of patience and care; 
the use of scissors and scalpel may become necessary, but 
even in these circumstances it is often sufficient to take hold 
of the half globe, to turn it so that the vitreous is down- 
wards, and then to shake it gently until the vitreous 
separates itself from the retina and drops down. 

After the vitreous has been removed, it should be care- 
fully examined and its glassy appearance noted; it is owing 
to this appearance that the vitreous is sometimes. galled the 
hyaloid body. On attempting to pull it apy With the 
fingers, it will be found that it seems to hold@gSether, this 
being due to the network of fibres whic ters into its 


constitution. O 
Whichever way the vitreous has beepvremoved from the 
posterior hemisphere of the globe tina is usually left 
rather badly wrinkled and out of @late. If the last method 
of vitreous removal has been oo (and it is certainly the 
best) the retina is left in an@ptirely collapsed and folded 
state. To straighten it, theOyit globe should be placed in 
water, the inside surfac ost; the retina will gradually 
unfold itself and lie AN against the subjacent choroid. 
When this is done{ th€ eye should be carefully removed 
from the water wifh a pair of tweezers, tilted so as to empty 
it of all water, a placed downwards on a dry glass tray 
and allowed, N ain itself. 
thinness of the retina and the apparent 


disc he physiologic cup are easily recognised, though 
obviot neither will appear as large as when the living 
ey, viewed with the ophthalmoscope. 


Note NS} 
ise pa the choroid showing through it. The optic 


wy 
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. The retinal blood-vessels, as they ramify and branch 
after their entrance through the disc, are plainly seen, and 
a closer inspection shows in the centre of the disc a whitish 
pointed vessel usually 1 or 2 mms. long, whichis the sloughed 
off and atrophied end of the hyaloid artery—the artery 
which, in the embryological state, ran forward from the 
central artery of the retina through the hyaloid canal (or 
Stilling’s canal) to the posterior surface of the lens. 

With the forceps, the peripheral edge of the retina can 
be picked up and, by pulling gently upwards, is torn away 
from its apparent place of attachment to the entrance of the 
optic nerve. When this has been done it will usually be 
seen that some threads protrude from the optic nerve; these 
strands, which are really optic nerve elements, can be 
separated by filling the half globe with water which is left in 
it for some time. : 

After the removal of the retina, the iridescence of the 
choroid due to the tapetum lucidum may be examined with 
a magnifying glass, or, a piece of choroid may be cut off 
and viewed under the microscope, as we shall see presently. 
Of course, this iridescence is not observed in the human 
eye, in which the tapetum is absent. 

When the choroid is removed, and this is done in the 
same way as the retina itself is separated from the choroid, 
the inner surface of the sclerotic is laid bare. Its brownish 
colour, more or less marked, is due to a vagkdble amount of 
pigment in the cells of the inner. layers (s choroidal mem- 
brane) and also to a slight extent to th ning influence of 
the perichoroidal fluid. 

The posterior hemisphere of lobe which has served 
to the previous demonstration lso be used to study the 
arrangement of the head igs ptic nerve. In cutting the 


nerve away fromthe sclerotigyis well to leave at least 5 mms. 
of sclerotic attached to ¢ t will facilitate the handling. 
With the thumb and nger of the left hand the nerve 
is held on the tabl t it is straightened out lengthwise, 
and then with a el, or better still with a safety razor 
blade, the nerfe cut in two longitudinally. The cutting 
should be dgae With one movement otherwise the nerve will 
be hacke i will not make a good specimen. This 
specime ll show the way the fibres are arranged. A 
crosa% ion of the nerve can be cut from another eye and 
the,tW sections should be compared. 

The cross section of the nerve will show the sheaths of 
R nerve better than the longitudinal section. If it happens 


Ors good luck that the longitudinal section is cut through 
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the central blood-vessels of the retina, these vessels appear 


as rather thin dark streaks. 


Study of the Anterior Half of the Globe. 


The anterior half of the globe will show the lens in situ, 
the ciliary processes, the posterior aspect of the iris and of 
the lens, and the ora serrata, but if the globe has been cut 
too far forwards of its equator the ora serrata will not be 
present. 

The ciliary processes and the posterior lens surface are 
seen to better advantage when the vitreous is removed from 
the anterior hemisphere. This removal is carried out with 
dull-pointed tweezers by catching hold of the vitreous at any 
part of its free or cut margin and stripping it off both the 
ciliary processes and the lens, using a prying, pulling, move- 
ment to do so. The layer of pigment cells forming the pars 
ciliaris retinæ which covers the inner surface of the pro- 
cesses may be removed by picking it carefully with the 
tweezers. The processes will then be seen of a whitish 
colour. The pupillary edge of the iris rests upon the 
capsule of the lens, but the nearer the approach to the peri- 
phery, the farther the iris is from the lens; thus are formed 
the anterior and posterior chambers of the eye. To gain a 
clearer conception of the construction of these chambers, a 
sagittal section of the globe is better than an examination 
of the anterior hemisphere specimen. 

The lens can now be removed, using a fine gfe to cut 
through the suspensory ligament close to th s margin. 
When this is done there will be seen in the tior chamber 
the thin watery fluid we have described ese heading of 
aqueous fluid. 

The corona ciliaris and the NA ciliaris may be 
best seen if viewed with a magni ghar 

To see and study the iris, t 2 edge of the choroid is 
taken with the tweezers and, Sentle pulling, is separated 
from its attachment to thg\$elero-corneal junction. The 
white ring on the anten face of this part of the uveal 
tract is the ciliary ri With scissors, this ring is cut 
round at its oute ege. The specimen will then show 
the anterior surface the iris, and on its posterior side it 
will exhibit these relationship between the iris and the 
ciliary proce 

After. anterior hemisphere has had everything 
removed D nit, it is reduced to the first or outer tunic of 
the eve) ne the anterior portion of the sclerotic and 
th a. The cornea does not exactly fit in the sclerotic 
as@ymatch glass in its rim; holding the specimen to a strong 
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light, it will easily be seen that the sclerotic seems to over- 
lap the cornea, especially in the vertical meridian. 

By using the tweezers, the cornea may be split, but 
nothing in the way of locating its layers can be recognised 
unless a section is made for microscopical examination (see 
page 394). The superficial part of the cornea may be scraped 
off, especially if the specimen is somewhat dry; the portion 
thus removable is the corneal epithelium reduced to a thin 
layer of flattened cells. 


The Crystalline Lens. 


To study the crystalline lens properly it is advisable 
to deal both with an eye which has not been hardened and 
with an eye or a lens that has been kept for about two weeks 
in a 5 per cent. solution of formalin. In the fresh state the 
lens is too friable to permit of much handling. The follow- 
ing dissection should be made, however, to ascertain the 
clearness of the lens substance, its magnifying power, its 
attachments, its capsule, etc. 

To remove the lens it is necessary to separate the sus- 
pensory ligament, using for the purpose a pair of small 
pointed scissors. The capsule may be removed by picking 
it up on the periphery of the lens and stripping it off; it 
will peel off in the same way as the outer skin of a pea does. 

The three radiate lines on both surfaces of the lens will 
not be as clearly seen on a fresh eye as on the lens of an 
eye which has been previously hardened, b close inspec- 
tion with a magnifying glass will no t’render them 


apparent. 
An attempt should be made to rate with the point 
of a scalpel the outer layer of the (the cortex) from the 


central or inner part, the nucl This may not be very 
successful in a fresh eye, th he operation is suggested 
for the purpose of comparisegaiwhen the same thing is done 
with a hardened lens. 

It will be found taine lens which has been kept in 
formalin is no lon nsparent, but only more or less 
translucent. W viewed by transparency, the three 
radiate lines o surface will be seen to begin at the 
pole and to radiate towards the equator. These lines usually 
form on eattBurface an angle of 120° with each other so 
that they €Dresent a capital Y on the posterior surface and 
an in ne capital Y on the anterior one, each of these 


radia es thus forming an angle of about 60° with the 
neighbouring ones on the other surface. 

o study the laminated structure of the lens, it is best 

Cp boil the lens by dropping it into boiling water, where it 
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should be left for two or three minutes. A longer period 
would cause a distortion of the structure under investigation 
and make it so fragile that it could hardly be handled with- 
out falling to pieces. The point of a scalpel is then inserted 
carefully at one pole and lifted gently in the direction of one 
of the radiating lines; this will tend to raise one of the con- 
centric layers which can easily be peeled off. The operation 
is repeated in the direction of the other radiating lines. 
Examining with a magnifying glass the exposed surfaces 
and the layers as they are peeled off will show plainly the 
arrangement of the lens fibres and their direction. Another 
view of the onion-like layers of the lens is obtained by 
cutting through with a safety razor blade, either longi- 
tudinally or equatorially. It is best to make both sections 
on separate lenses. The layers are more readily seen if 
the lens has been previously stained with chromic acid: or 
more simply if it is dropped, immediately before cutting, 
into a solution of carmine; red ink slightly diluted is a good 
substitute for carmine. 

A lens that has been boiled and partly dissected may 
be kept indefinitely in a 5 per cent. solution of formalin. 
The fibres, the concentric layers and the laminz in such a 
specimen are always interesting. 

It is possible to restore a fair degree of transparency: 
to a lens which has become translucent by boiling or by 
immersion in a hardening fluid. It should be 
alcohol at 50 per cent. for several hours, then 
blotting paper and placed in alcohol at 75 p 
lens is then transferred in alcohol at 85 pe 
12 hours, after which it is immersed i olute alcohol, 
where it is left for another period of 10 2 hours, or even 
longer. This process, which is torent” running through 
the alcohols,” is followed by a car rainage on blotting 
paper, care being taken to changaehe paper or to move the 
lens on it till all moisture is ved. The effect of these 
operations is to dehydrate t Crs as completely as possible. 
If the capsule has not bob previously removed, a small 
amount of alcohol m main between the lens and the 
inner surface of the“c&@sule; this must be removed either 
by puncturing the capsule with a needle or by removing the 
capsule entirely’. o complete the operation the lens is 
placed in xyl @ in benzine. After about 24 or 36 hours, 
the softer <aNex will be quite clear, but the nucleus will 
be still cl . At the end of a week, the whole lens should 
be quite\clear and transparent. 

FẸ time required for a complete clearing depends very 
m on the size of the lens, and the period stated just now 


© 
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applies to a small lens (pig, calf or sheep). The larger lens 
of the ox may take two weeks to recover its transparency, and 
the necessary period is longer when the lens has been boiled 
than when it has simply been hardened. 

Cedar oil may be used for the purpose of clearing after 
the process of running through the alcohols, but it renders 
the lens slightly yellowish and does not restore the same 
transparency as xylol or benzine. 

The longer a lens is left in the clearing medium, the 
harder and the smaller it becomes. At the end of six weeks 
or two months, it is so hard that it can no longer be cut 
with a knife, and if it is desired to halve it, a fret-saw is 
necessary. 


The Eye Kernel. 


Beside studying separately the coats and media of the 
eye as we have done just now, it is interesting to proceed to 
an examination of what is often called the kernel of ‘the eye, 
i.e., the vitreous body together with its hyaloid membrane, 
the lens and the zonule of Zinn. 

This examination may be facilitated by placing the eye 
in a strong solution of picro-carmine for a few minutes; 
when removed from the staining fluid and well washed in 
water, the hyaloid membrane of the vitreous, the capsule 
of the lens and the zonule of Zinn are deeply coloured in red 
and their connections become very apparent. 

Whether this staining is carried out orQot, the dissec- 
tion is easier to perform on an eye (shee x ig, or prefer- 
ably ox) which has not been hardened @ as been merely 
kept for two or three days in a cool a in order to allow 
it to collapse a little. It is a fact servation that if an 
eye hisi quite fresh, athe a are not easily 
separated from the hyaloid m rane, and the same thing 
occurs if a preserving or hgdening medium has been used. 

With a pair of fine diSstcting forceps, the sclerotic is 
picked up 5 mms. in of the equatorial plane and an 
incision is made in J fine pointed scissors. Then, the 
globe being held i left hand without exerting a pressure 
on it, the poine ihe scissors is inserted in the incision 
and the sclerotit€ut, care being taken to keep the point of 
the scissors ose to the sclerotic in order to avoid an 
Ao a of the choroid. The cutting of the 
sclerofgxxs continued on a line parallel to the equatorial 
plan€NN¥ about half of it is separated. 

S9 this cutting the point of the scissors should be moved 
Ow rd with a slight oscillatory and lateral movement, and 


hile this. is done, the globe should be partly suspended 
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from the point of the scissors in order to loosen the choroid 
from the sclerotic and to prevent a possible puncture of the 
former membrane at this stage. Then, pressure is exerted 
in such a way that the lips of the cut portion of the sclerotic 
gape a little. In this gap the scissors are inserted and their 
point is used to pick up the choroid and the retina which 
are then cut in their turn. Should the choroid alone be 
separated the retina will show a milky white or yellowish 
white underneath; in such a case, the retina must also be 
cut, care being taken not to cut too deeply or the hyaloid 
membrane might be damaged. The cutting of the retina and 
choroid is continued for a length of about 20 mms., pressure 
being occasionally exerted upon the globe in order that the 
vitreous may be forced upwards above the cut choroid and 
retina. This will show whether any strands of the two mem- 
branes are left. If the separation is complete on the distance 
specified above, the eyeball is inverted, squeezed and gently 
shaken over a glass disc containing a weak (3 to 5 per cent.) 
solution of formalin, when the hyaloid membrane containing 
the vitreous, the zonule of Zinn and the lens will drop out 
intact as when one empties the contents of an egg. 

It often happens that a certain amount of pigment 
remains attached to the zonule; this is easily removed by 
scraping it with the edge of a scalpel or by brushing it off 
with a wet brush. It is not advisable to use alcohol as a 
preserving medium if the above preparation is tọ be kept 
for further study. Alcohol would produce an igs imme- 
diate opacity and hardness which would spoil specimen. 
The best way is to place the kernel in a b ining 
5 per cent. solution of formalin. It can n be kept for a 
considerable period and can be exami t leisure with the 
help of a magnifying glass if necega. 

The so-called canal of Petitg ite4 the triangular space 
around the circumference of hes and between the front 


and the back portions of the WE nsory ligament, can easily 


be demonstrated by blow Oy ir into it. A blow-pipe is 
generally too large for Ne pose, but the tapering end of 
a glass medicine dro is useful. The inflation of the 
canal of Petit is ai earried out on the specimen which 
has been obtain he previous dissection, after it has 
been kept for a peen days in the formalin solution, when it 
becomes RS d tough enough to stand a considerable 
amount gh handling. The preparation is removed 
from the Nion and placed on a glass tray, the lens being 
ong Oe The tapering end of the glass dropper or the 
e blow-pipe is then introduced through the fibres 

e suspensory ligament close to the lens margin. A 
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gentle blowing through the tube will soon show the 
sacculated appearance of the canal of Petit. It may be 
necessary to move the pipe in or out in order to find the 
canal, and all the while, blowing is carried out steadily. 


General Conclusions Derived from the above Dissections. 


The dissections we have described will enable the 
student to get a good idea of what may be learnt of the 
general anatomy of the eye, by mere observation with a 
naked eye or, if necessary, with a magnifying glass. 


The Outer Ocular Coat or Sclero-Corneal Coat. 


It will be seen that the outer tunic of the eye or the 
sclerotic, which is commonly called the white of the eye, 
appears as a dense resisting fibrous membrane, opaque 
white or more exactly translucent, and forms the posterior 
five-sixths of the globe. It is thickest behind and becomes 
thinner as it is traced forwards. Near the corneal junction, 
however, it again becomes thicker owing to the fibres it 
receives from the tendons of the extra-ocular muscles. Except 
at the optic nerve entrance and a little behind the sclero- 
corneal margin, where it adheres to the subjacent structure, 
the deep surface of the sclerotic is very loosely attached to 
the choroid. Some pigmented strands or trabeculz of con- 
nective tissue pass between the two coats and form what is 
really an extensive lymphatic space. 

The point at which the optic nerve pi Ahe back part 
of the sclerotic does not correspond to (@ Posterior pole of 
the globe but is situated about 3 o Kims. to the inner 
(nasal) side of the posterior pole aO ry slightly above it. 

Here, the outer fibrous she the optic nerve, which 


sclerotic coat, whilst the bygdles of optic nerve fibres are 
carried forwards through a\stries of small openings in the 
inner portion of the sc ic and in the choroid, this per- 
forated or sieve-like n being the lamina cribrosa. 
The sclerotic i Va pierced by numerous blood-vessels 
and nerves. C5 the long and short posterior ciliary 
arteries, togethw/ with the ciliary nerves, perforate the 
sclerotic roux@pthe optic nerve entrance. Four or sometimes 
five venæ QNicosze issue from the interior of the globe by 
pierci ane sclerotic a little way behind the equator at wide 
interdats from each other. The anterior ciliary arteries 
Sa the sclerotic near the corneal margin. 
XO front, the sclerotic is not only contiguous to but is 


Ojirectly and structurally continuous with the cornea. The 


is derived from the dura i tħe brain, blends with the 


wh 
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region where the sclerotic passes into the cornea (sclero- 
corneal junction) is marked by a faint groove which receives 
the name of scleral sulcus (see stereogram III.). At the 
junction, the sclerotical tissue slightly overlaps the corneal 
tissue so that the line of union, when seen in section, is 
oblique. Close to this, a minute canal in the substance of 
the sclerotic, termed the canal of Schlemm, encircles the 
margin of the cornea. 

The cornea itself forms, as we have seen, the anterior 
sixth of the outside coat. It is transparent in the fresh state 
and its curvature is more accentuated than that of the 
sclerotic; thus it constitutes a segment of a smaller sphere. 
Viewed from behind it appears circular, but looked at from 
the front, it is seen to be slightly wider in the transversal 
direction; this is due to the fact that the sclerotic overlaps 
the cornea to a greater extent above and below than side- 
ways. The posterior (concave) corneal surface forms th:: 
front boundary of the anterior chamber and is separated 
by the aqueous fluid from the front surface of the iris. 

The anterior surface of the cornea is covered by the 
bulbar conjunctiva, which is here reduced to its epithelial 
layer. On the posterior surface we find the elastic glassy 
structure we have described as the elastic membrane of 
Descemet, but such details of structure can only be recog- 
nised in a microscopic examination. When the cornea is 
relaxed, Descemet’s membrane becomes wrinkled and can be 
torn away in shreds from the proper corneal ety when 


dealt with in this way the portions removesshow the 
tendency to curl up, which is character of elastic 


membranes. 
At the margin of the cornea, Da hers membrane 
€ 


ontinued into the 
iris to form the pillars of the ¢ or the ligamentum 
pectinatum while others are prolo¥ed backwards into the 
choroid and the sclerotic. hé ligamentum pectinatum 
bridges across the angle one? by the cornea and the iris, 
and the bundles of fibres @ywhich Descemet’s membrane 
breaks up in this regio SH an annular meshwork or 


a sponge-like series inute spaces termed the spaces of 
Fontana or the Re ón angle (page 200). The details of 


becomes fibrillar and some of its ey 
i 


structure of the tion angle can only be made out by a 
microscopic e} nation. 

When above dissection is successfully carried out, 
the outer AS clero-corneal coat is isolated in two portions, 
whilst ee view is obtained of the intermediate 
vas uc at (uveal tract). The eyebail thus denuded of its 

l coat can be placed in a shallow vessel filled with 
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water, when the appearance of the external surface of the 
uvea (which has been described in page 174) is very easily 
seen. 


The Uveal Coat. 


The uveal coat can be seen in its entire extent when the 
dissection of the external coat has been carried out as 
explained above. 

It should be remembered that the uveal tract consists 
of three parts : the choroid coat proper, the ciliary body, and 
the itis. 

The choroid coat is pierced behind by the optic nerve 
and is somewhat thicker behind than in front. The outer 
or superficial surface is connected with the sclero-corneal 
coat by the lax tissue (suprachoroidal membrane) we have 
already alluded to. Its deep surface is moulded over the 
retina and connected with a single layer of deeply pigmented 
cells (hexagonal pigment epithelium of the retina) which 
usually adheres to the choroid when the latter is separated 
from the subjacent structure, though in reality it must be 
regarded as a portion of the retina (see page 215). 

The minute structure of the choroid can only be ascer- 
tained under the microscope, when it appears to be made 
of a closely meshed layer of capillary vessels on the side 
corresponding to the retina and of two other vascular layers, 
the layer of medium-sized vessels and the layer of large-sized 
vessels. The veins of the choroid ultimately group to form 
the venæ vorticosæ. Pigment cells are in the inter- 
spaces between the vessels of the las @#6 layers, and are 
more abundant in the layer of large els than in the layer 
of medium-sized vessels. Normakly there are no pigment 


cells in the choriocapillaris cars 

We have shown before \hĝw the arrangement of the 
anterior hemisphere of hede can be studied from a dissec- 
tion and an AERE ee the half globe cut as explained 


in page 358. AnothesrMAy of proceeding to this study con- 
sists in dissectin OR the outer or sclero-corneal coat of 
an eye and plac N e specimen thus obtained in a dish 
containing w If the pigment coating the outer surface 
of the choroidN¢ carefully washed out with a wet camel-hair 
brush the*erficial veins of the choroid will then appear 
in white @rved lines converging towards four or five points 
fromxwwth the venz vorticose take their origin. 


e arrangement and structure of the ciliary muscle 
gail only be investigated by microscopical examination, when 


De bres constituting it can be seen to be made of two main 


eo 


sets, viz., a radiating set and a circular one. 
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The radiating fibres arise from the deep aspect of the 
sclerotic coat, near the margin of the cornea. From this 
point, they radiate backwards in a meridional direction and 
gain insertion in the choroid coat; they constitute the part 
of the ciliary muscle termed the tensor of the choroid or 
muscle of Brucke. 

The circular fibres consist of two or three bundles placed 
upon the deep aspect of the radiating fibres and form a 
muscular ring or a sphincter around the circumference of the 
iris. This portion of the ciliary ‘muscle is called Miiller’s 
muscle. There is no sharp line of demarcation between the 
meridional and the circular fibres of the ciliary muscle, some 
fibres forming a zone of transition between the two main sets. 

To obtain a view of the ciliary processes, a coronal trans- 
versal section of the globe should be made in a direction 
parallel to and a short distance in front of the equatorial 
plane of the eyeball. The vitreous body occupying the 
anterior segment of the globe should be carefully removed. 
When this is done, the deep aspect of the ciliary processes 
will be seen as they radiate backwards from the circum- 
ference of the lens. By washing out the pigment from this 
part of the uveal tract, the arrangement of the processes will 
be more plainly displayed. 

To expose the ciliary processes from the front, another 
eyeball is required. The cornea is removed with a pair of 
scissors by cutting round the sclero-corneal junction. The 
iris is thus brought into view and may co Aa be 
examined in situ at this stage. Several cuts in @e’meridional 
direction should then be made in the ant€Nor part of the 
sclerotic at equal intervals. The stripsy,@ ‘sclerotic should 
be separated from the ciliary muscle ag pinned backwards 
in a cork-lined tray filled with wat he last step in the 
dissection consists in the removal %f the iris. 

In this way it can be seen tQ as the choroid is traced 
forwards under the ciliary my@le it forms a series of elon- 
gated prominent thickening hich radiate backwards from 
the margin of the EINS the folds of a goffered frill. 
These thickenings vary¥ tightly in their degree of promin- 
ence and also in lkuĝth, but they are very constant in 
number. In the an eye 70 ciliary processes may as a 
rule be counteq\\~ As each process proceeds forwards, it 
becomes ox y more and more prominent until ultimately 
it ends ERS ickened projection which occupies the space 

è margin of the iris and the circumferential part 


between 4h 

of th Ee lens surface. In this position the processes 

Bovad eripherally the posterior chamber of the eye. 
Q 
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The ciliary processes rest upon the subjacent zonule of 
Zinn. This is adapted in the most intimate manner to the 
ciliary processes. It is folded or wrinkled in such a way 
that the folds occupy the valleys or sulci between the 
processes. 

The iris has been fully described in page 187. It is 
separated from the cornea by the anterior chamber filled 
with aqueous humour and is continuous by its circumference 
with the choroid coat, while at the same time it is connected 
by the pectinate ligament with the sclero-corneal margin. 
The iris is circular in form and is perforated at its centre 
by an opening termed the pupil. Its anterior surface is 
finely striated and shows a different coloration in different 
subjects. The back surface is deeply pigmented and is 
furthermore lined by a pigmented layer derived from the 
retina (pars iridica retinze) which extends up to the pupillary 
margin. 

It has been pointed out that during life the pupil con- 
stantly varies in its dimensions so as to control automatically 


- the amount of light admitted in the eye. These changes in 


the size of the pupil are produced by the contractile proper- 
ties of two groups of involuntary muscular fibres. One 
group is made of fibres arranged circularly around the pupil 
in the form of a sphincter; the second group consists of 
fibres which have a radial direction and pass from the pupil 
to the circumference of the iris so as to constitute a dilator 
muscle, of a special character, as has eye in 
page 188. 

Though the human pupil is pr Qeally circular, it 
should be observed that in the sheep Sie ox it is greatly 
elongated in the transversal directiQg} In the pig, however, 
it is approximately circular. 

The ciliary nerves, whic A rom the ciliary ganglion 
and from the nasal nerve, ee piercing the sclerotic at the 
back of the globe aroung, tħé optic nerve, extend forwards 
between the sclerotic he choroid. They will be seen 
on a specimen in wh¢ e sclerotic has been partially cut 
and turned backw in separate flaps, under the form of 
fine white fil 6. In the posterior hemisphere, they 
occupy grooves wf the inner surface of the sclerotic, and can 
only be ae from it with difficulty. Reaching the 
ciliary z the nerves break into branches which join in a 
plexif eect and send twigs to the ciliary muscle, the 


iris at? the cornea. 
he arrangement of the blood-vessels of the globe has 
Oh fully described (page 335). It should be remembered 
Ohat, apart from the retinal circulation, there are three groups 
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of ciliary arteries which supply the whole globe except the 
retina or more exactly except the innermost layers of the 
retina. 

The short posterior ciliary arteries, branches of the 
ophthalmic artery, pierce the sclerotic around the optic nerve 
entrance and are distributed mainly to the choroid. The 
long posterior arteries, also branches of the ophthalmic 
artery, are only two in number and perforate the sclerotic 
on either side of the optic nerve, a short distance from the 
short ciliary arteries. They are carried forwards between 
the sclerotic and the choroid; when they reach the ciliary 
zone, each artery divides into an ascending and a descending 
branch, and these, together with the short ciliary arteries 
(see below) form an arterial circle termed the major circle of 
the iris (circulus iridis major). 

From this circle, branches are given to the ciliary 
muscle, ciliary processes and to the iris. The minor circle 
of the iris (circulus iridis minor) is the name applied to a 
second arterial ring in the iris at the outer border of the 
sphincter.. The anterior ciliary arteries are very small twigs 
which enter the sclerotic close to the margin of the cornea 
and take part in the formation of the major circle of the iris 
and at the same time send fine branches to the ciliary 
processes. 

All the venous blood of the choroid is collected in the 
venz vorticosze which ultimately empty their contents into 
the ophthalmic vein. AN 


© 


of the eyeball 


The Retina. 


To view the retina in the hinder 
which has been cut into two parts to e e the ciliary pro- 
cesses from behind, the choroid i ed from the inner 
surface of the sclerotic under a & water from a tap; 


then the venz vorticosz enteriag\the deep surface of the 
sclerotic are brought into KA When these are divided, 
and the separation of the ty ats (choroid and sclerotic) is 


carried back to the opti entrance, the short posterior 
ciliary arteries as they Serge from the sclerotic and enter 
the back part of th oid will be seen. 


In the portion, Othe globe from which the sclerotic and 
cornea have poo the iris, ciliary processes and 
the choroid s be carefully stripped off piecemeal under 
water; thig(nWl expose the retina. 

The Dia may be regarded as made of two main 


strata, RAmely, a thin pigmentary layer which adheres to the 
de “Or ce of the choroid and is usually removed with it, 
an delicate nervous layer, the retina proper, which is 


N 
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moulded over the surface of the vitreous but presents no 
attachment to it except at the entrance of the optic nerve. 
The latter layer extends forward beyond the equator of the 
globe and, a short distance in front of the ciliary zone, it 
appears to end in a well defined wavy or indented border 
termed the ora serrata. This appearance, however, is decep- 
tive; the nervous elements truly come to an end at this 
border, but a lamina, which is formed of the framework of 
the retina deprived of the nervous elements, is prolonged 
forward as far as the pupillary margin. The portion of this 
lamina in relation with the ciliary body is extremely thin 
and cannot be detected with the naked eye; it is termed the 
pars ciliaris retin. The portion extending over the back 
surface of the iris is thicker, more pigmented and constitutes 
the iridic part of the retina (pars iridica retinz). 

During life the retina proper is transparent, but after 
death it soon assumes a dull greyish tint and becomes 
opaque. Posteriorly the retina is tied down at the optic 
nerve entrance and when viewed from the front this spot 
appears as a conspicuous circular disc, the porus opticus or 
optic disc. The optic disc, in correspondence with the 
entrance of the optic nerve, lies to the inner (nasal) side of 
the antero-posterior axis of the eye. Exactly at the point 
where the visual axis cuts the posterior wall of the eye, there 
is in the human eye a small yellowish spot termed the macula 
lutea (or yellow spot). It is somewhat oval in outline and 
depressed at its centre, thereby forming whgé\s termed the 
fovea centralis. It is to be noted that t no macula 
in the eyeball of animals, except per in the higher 
species of monkeys. 

In a fresh eyeball the central amb of the retina will be 
seen entering the retina at the op®Jdlisc; as we have already 
seen, it immediately divides irt ascending and adescend- 
ing branch and each of th breaks up into a large outer 
(temporal) and a smaller Sasi) division. These ramify in 
the retina as far as the errata, but the different branches 
do not anastomose one another nor with any other 
vessel in the eyeb N he retinal veins converge upon the 
optic disc and dgSappear into the substance of the optic nerve 
in the form os O main trunks which soon unite with one 
another. 

The al vessels, the optic disc and the macula can 
all beaggmined in the living eye by means of the opthalmo- 
sco paN he red reflex seen in the pupil of an eye illuminated 
Ne) ophthalmoscopic mirror when the observer watches 
t e through the sight hole is produced by the blood in 


Ope choroid, the colour being more or less modified owing 
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to the retinal and choroidal pigment, as well as by a certain 
amount of light reflected by the white sclerotic. 


The Refracting Media. 


The examination of the lens with its suspensory liga- 
ment and of the vitreous body enclosed in the hyaloid mem- 
brane is easy on the preparation of the eye kernel previously 
described. 

The vitreous is a soft, yielding, transparent, jelly-like 
body which occupies the posterior four-fifths of the ocular 
cavity. The retina is spread over it but is only attached 
to it at the optic disc. Anteriorly, the vitreous is hollowed 
out for the reception of the posterior convex surface of the 
lens; this depression is called the fossa patellaris. 

The substance of the vitreous is enclosed in a delicate 
transparent membrane, the hyaloid membrane. Extending 
forwards through the vitreous from the optic disc to the 
posterior pole of the lens, is a minute canal lined by a tube- 
like prolongation of the hyaloid membrane and containing a 
watery fluid. This is termed the hyaloid canal or the canal 
of Stilling and represents the path which was taken by a 
branch of the retinal artery, which in the foetus extends for- 
wards for the supply of the lens capsule but disappears 
before birth. 

As a rule, the canal of Stilling is not visible in an 
ordinary dissection, but if the eye kernel be shaken up in 
the picro-carmine solution it is often ren cl evident 
through the staining fluid entering it. 

In the ciliary region, the hyaloid et rane of the 
vitreous becomes thickened and strengthe pelt forms what 
is termed the suspensory ligament or ule of Zinn. As 
this approaches the equator of th it splits into two 


the fossa patellaris and a more rficial and stronger part 
which becomes attached to thgsfrdnt of the lens capsule. 
The zonule lies subjac o the ciliary processes and is 
radially plaited or wri fn correspondence with these; 
thus the elevations or les of the zonule extend into the 
intervals between th@ qeary processes while the ciliary pro- 
cesses in their tyrmfie in the depressions between the 
wrinkles of bee le. When the eye is fresh, these oppos- 


ing parts ar sely adherent. 
The of Zinn is strengthened by radially directed 
elastic fibs, and after the delicate lamina which lines the 


os llaris is given off from its deep surface, it extends 
as a distinct layer and is attached to the anterior 
sue of the front capsule of the lens a short distance 


layers, viz., an exceedingly re go ep ‘lamina which lines 
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beyond the margin of the latter structure. In this manner 
the suspensory ligament of the lens is formed, but this is 
not the only attachment of the suspensory ligament. Some 
scattered fibres are attached to the circumference or equator 
of the lens (equatorial fibres), while some others are fixed 
to its posterior surface, near to its margin (post-equatorial 
fibres). In this way, the lens is held firmly in its place in 
the fossa patellaris. The canal of Petit, i.e., the lymph 
space which surrounds the equator of the lens and is bounded 
in front by the suspensory ligament and behind by the 
hyaloid membrane, has been mentioned before when it was 
pointed out that by introducing a fine blow-pipe into it 
through the suspensory ligament, it can be partially or 
perhaps completely inflated with air, when it presents a 
characteristic sacculated appearance. 

The crystalline lens may be removed by snipping the 
suspensory ligament with scissors. The Jens in situ appears 
as a biconvex transparent structure lying in front of the 
vitreous body and behind the iris. It is enclosed within a 
glassy elastic capsule to which the different parts of the 
suspensory ligament are firmly attached. It represents for 
study an anterior surface, a posterior surface and a circum- 
ference or equator. The anterior surface in a living eye at 
rest is not so curved as the posterior surface. The central 
part of the anterior surface corresponds to the jris and looks 
forwards in the anterior chamber. Aroun A part, the 
margin of the pupil is in contact with the est whilst nearer 
to the equator the lens and the iris a parated by the 
aqueous fluid filling the posterior char The back sur- 
face of the lens, more curved than nterior one, rests in 
the fossa patellaris of the vitr ody. The equator of 
the lens is circular and "S ole’ of the boundaries of the 
canal of Petit. 

Faint radiating lines Q. seen on both surfaces of the 
lens and give a clue to = they indicate the planes 
along which the exx@pitfes of the lens fibres come into 
apposition with eac Se The capsule is an elastic, glassy 
membrane, cond ly thicker in front than behind; the 
thickness of the capsule varies appreciably in different zones 
of a same spect 

If in 


yeball the cornea and the iris of which have 


been ed, the anterior wall of the lens capsule is divided 


with arp knife, a slight pressure will cause the lens itself 
tage through the opening. 


Ò f the lens body be compressed between the finger and 
e thumb, it will beobserved thatthe outer portion or cortical 
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‘Į vertical direction, so as to pass 
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part is softer whilst the central part or nucleus is much 
firmer. Should the lens be hardened or boiled, it can easily 
be ascertained that it is made of numerous concentrically 
arranged laminz, as has been described previously. 


Dissection of the Appendages of the Eye. 


The dissection and study of the appendages of the eye 
(lachrymal apparatus, conjunctiva, lids) and of the extra- 
ocular muscles is not such a simple work as the previous 
dissections. However, the student will be well advised to 
attempt it. 

The best way is to procure the head of some animal, 
preferably a calf’s head because of its size. The lower jaw 
may be removed by the butcher supplying the head in order 
to have a less bulky piece of material to handle. 

Close to the inner canthus, i.e., on the inner side of the 
free margin of each lid, a little rounded eminence is found 
which is termed the lachrymal papilla; in the centre of this 
papilla a small opening, the lachrymal point, can be seen. 
The lachrymal point of the lower lid is easier to see than that 
of the upper one. The reason for this is that normally the 
puncta are in apposition to the globe and constantly 
immersed in the small collection of tears we have described 
as the lachrymal lake. ‘Therefore, to see the puncta, the 
lower lid has to be drawn down while the upper one has to 
be everted. 

A blunt and fine knitting needle slightly luhaigated with 
vaseline is inserted in the lower punctum ang)suShed first 
inwards, towards the inner canthus; it penet in the lower 
canaliculus which runs in the thickness of id margin and 
opens into the lachrymal sac, which it s in communica- 
tion with the nasal duct. When T Qof the needle meets 
the bone forming the inner wall Ro it is turned in a 

= the lachrymal sac and 
into the nasal duct. 

A similar operation ¢ e performed with another 
needle on the upper pu , though this is a little more 
difficult. If each need left in its position when the end 
reaches the bony orpitaVwall it will be found that they meet 
each other in the la mal sac, a fact which is not surpris- 
ing considering &), as we have pointed out, the two canali- 
culi open in POR. From the puncta to the place of meet- 
ing of the eedles the course of the canaliculi is shown 


up to thei ction as they both open into the lachrymal sac. 
With oN scissors the canaliculi may be loosened from the 
surgo g lid tissue, or, a scalpel may be used to lay open 
napa aliculi, cutting along the top of the needles. 
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The cilia, the lids, the palpebral and the bulbar con- 
junctiva may be examined without dissection. 

An examination of the lids will show the openings of 
the ducts of the Meibomian glands a short distance posterior 
to the insertion of the cilia. Very fine greased needles may 
be easily inserted for a short distance into some of the ducts 
and a dissection is made along the course of the ducts thus 
outlined by the needles. Or again, to see the glands them- 
selves there is only to slice through the ducts with a scalpel 
or a safety razor blade through the entire width of either 
lid. This will cut the glands into two parts and show their 
length, breadth and general arrangement. 

The eyeballs obtained from a butcher or from a 
slaughter-house always have the extrinsic tissues so badly 
cut and torn that identification of the various parts and their 
relation is practically impossible. For this reason, and to 
study the orbital contents, it is better to procure the head of 
an animal, sheep or calf, and dissect the eye with all the 
extrinsic parts intact. For this purpose, a chisel and a 
hammer are necessary, in addition to the usual dissecting | 
instruments. 

Working, say, on the left eye, the first step in the dis- 
section consists in making an incision directly over the 
supra-orbital ridge and extending from the inner to the outer 
canthus. At the middle point of that line, another incision 


is cut at right angles to it upwards to the Ñ of the head. 


Next, a similar cut is made below the ey one canthus 
to the other. The skin is loosened frogyNthe bone with a 
scalpel and the skull is laid bare este over the orbit. 
The flaps of skin are folded back fastened down with | 
pins or tacks so that they will n aD erfere wtih the rest of 
the work. GR 

Using the hammer and o) the roof of the orbit is 
then cut through at the mi of the supra-orbital ridge and ° 
the section is continued wpwards for 2.5 inches. It is neces- 
sary to avoid hard b O with the hammer, or the chisel 
might be forced t An underlying tissues. A peculiar 
sound is heard Ty the bone has been completely pene- 
trated. The g is continued until the orbital roof is 
sectioned R CA of 2.5 inches. This being done the 
bone is eX Been downwards to the right, beginning at 
the upp d, on a length of about 2 inches towards the 
oute NSS hus, ‘and a similar line is cut on the other side of 
the N re towards the inner canthus. This will mark out 
gaNirregular triangular shaped pieces of bone; the right- 
h piece is removed by prying it off and the left-hand 
iece should be pried loose and then carefully cut away with 
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a scalpel so that the pulley of the superior oblique muscle 
may not be injured. In dealing with the orbital contents it 
is imperative to dissect close to the bone so that the 
periosteum be removed in the form of a sac or capsule in 
which the globe with all its extrinsic tissues is contained. 

Should any difficulty be experienced in getting at the 
posterior part of the orbit, it may be necessary to cut away 
as much more of the obstructing bones as is required. In 
this way a sac or capsule containing the eye with its six 
external muscles, the lachrymal gland, and the lids, all in 
situ, will be removed. As the orbital entrance of the optic 
nerve is approached, care should be taken not to cut into 
the sac or sever any of the muscles. 

The lachrymal gland is easily distinguished on the 
preparation by its pinkish appearance. It will be found to 
be made of two separate parts, an inferior and a superior 
one. In the living subject, the gland lies directly over the 
eye and near the outer angle of the orbit. In the enucleated 
eye it will be found to be near the outer canthus and over 
{the globe. .The gland may be dissected out of its position 
and examined more closely. A magnifying glass will show 
its racemose structure, which is even more apparent if the 
gland is cut into two parts. 

To find the ducts of the gland, the outer and inner 
canthi of the enucleated eye should be cut across while the 
globe is pushed forwards and the lids backwards. This will 
expose the conjunctiva and the fornices. On the,apper sur- 

g> 


face of the palpebral conjunctiva and near the r tanthus, 
a number of minute openings, generally eigl en, will be 
seen on close inspection; these are the opep ðs of the ducts. 
Needles or pins lubricated with vaseline be inserted and 
pushed in these openings for a co able distance and 


show clearly the course of the duęts 
< To dissect the capsule of Teh, all the superficial fat 


and connective tissue should refully removed from the 
enucleated eye. Though sit is usually described as 
a definite sac-like membr. relatively considerable thick- 
ness with all its parts aS defined, yet an attempt at dis- 
section will show t is not so easily discerned. The 
capsule will be found be the thin, semi-transparent, fibrous 
membrane which @rrounds every muscle as well as the 
posterior two-thQs of the globe and is continuous anteriorly 
with the conjunctiva. An easy demonstration of its 
location a N various parts is afforded if a portion is 
RS and inflated through a fine blow-pipe. 


he lachrymal gland has been dissected away it is 
eas A to remove the fat and the connective tissue 


ww 
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surrounding the eye so as to investigate the extra-ocular 
muscles. The first thing to do is to locate the superior 
oblique. Having ascertained which is the inner side of the 
eye, the pulley is recognised as a little hard eminence. Then 
it is necessary to dissect around the pulley but not through 
it and to follow the muscle along to its origin. When the 
superior oblique is entirely freed, the action of this muscle 
can be readily demonstrated by holding the pulley, i.e., the 
tendinous ring, with the fingers of one hand while the muscle 
is pulled backwards or forwards with the other hand. 

With the dissection of the capsule of Tenon and the 
superior oblique the work of isolating the other extra-ocular 
muscles is partly done. No special directions are required 
except that the pulley of the superior oblique should not be 
injured or the inferior oblique cut away. If the dissection 
is not carried too close to the origin of the recti muscles, all 
the muscles may be kept in their place. If the globe has 
not been previously hardened in formalin, the specimen can 
be placed in a weak solution (5 per cent.) and, at the end of 
10 to 12 hours, the muscles become rigid and can be more 
easily studied; besides the specimen can be kept indefinitely 
in the solution. 


Microscopic Section Making. 

The explanations and directions given above will permit 
the student to investigate the gross or macroscopic appear- 
ance of the various parts of the eye. If hę wishes to go 
farther and to study the minute structure a various coats 
and media, i.e., to proceed to a study of tQ§ Normal histology 
of the globe, he will have to proc to a microscopic 
examination of thin sections of the we under investigation. 

A few remarks on microscogfysection making will be 
useful to the student unacquai (te vith this kind of work. 

Beside the dissecting in&{ruments mentioned in the first 
part of this chapter, teasin@ needles (mounted on a wooden 
handle) are required, to@jther with a set of reagents (the 
most commonly use which will be mentioned presently) 
for mounting or ng the preparation. In addition to 
this, a good migr@ydpe, slips of clear glass termed slides on 
which the EA that is being examined is placed, and 
small pieces very thin glass, termed cover slips, which 
serve to opt the preparation are necessary. 


The Magxdscope. 
microscope consists essentially of a tube carrying 
eye of lenses, one at the upper end, termed the eye- 


cé or ocular, and one at the lower end, termed the object 
ens or objective. 
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The stage is the perforated plate attached to the stand 
of the microscope and upon which the preparation is placed 
for examination. A mirror placed under the stage serves to 
reflect light up to the central aperture in the stage and along 
the tube of the instrument. 

The tube of the microscope which carries the ocular and 
the objective is in some instruments moved towards or away 
from the stage by a rack-and-pinion arrangement. In some 
simpler models, it merely moves up and down by twisting it 
in a slightly larger tube fixed to the stand. In the latter case 
it should be ascertained that the microscope tube twists 
easily; if it does not, the tube should be thoroughly cleaned. 
When the tube is moved in either of the above ways, the 
coarse adjustment is said to be used. In good class instru- 
ments, the tube can also be moved up or down through a 
small amount by turning a milled head at the top or at the 
side of the pillar. If the milled head which works a micro- 
metric screw is turned in the direction of the hands of a 
clock, it lowers the tube, i.e., brings the objective nearer to 
the preparation. Turning the milled head in the opposite 
direction raises the tube. This arrangement for raising or 
lowering the tube through a very small amount is termed the 
fine adjustment. 

The magnifying power of the microscope depends on the 
power of the objective and on that of the ocular. 

It is advisable to have at least two objectives, namely, a 
low-power one working at about 4 inch (or 12. 5% 
the preparation on the stage, i.e., having an eq 
length of about 4 inch, and a high- -power one 
distance of about 4 of an inch or a little ov 

Two eyepieces of different powers also necessary. 
As a rule, microscope objectives are ed by their focal 
length in mms. or in inches. ey here are objectives 


ranging from 14 inches (or approgNately 32 mms.) having 
an initial magnification of 4, tor, of an inch (about 3 mms.) 
with an initial magnification It should be well under- 
stood that, except in very, NE models of microscopes, the 


objectives, especially : oh power, are never made of 
a single lens; they of of a number of lenses made of 
different kinds of Dar crown glass, so chosen as to 


counteract the uù Jidable defects or aberrations which 
would spoil th GN nition of the images formed. A high 
class objecti Ae those designed by Prof. Abbé, may con- 
sist of as my as five constituent lenses. The lowest lens 


or AN is generally hemispherical with its flat surface 
turn rds the object on the stage. Of the remaining 
erg hose which are divergent are made from different 
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kinds of flint glass, while the converging lenses are made of 
various kinds of crown glass, the dispersive power and the 
index of these constituent lenses being so chosen and the 
curvatures, spacing, etc., so calculated as to minimise or 
eliminate the effects of the spherical and chromatic 
aberration. 

The eyepieces generally used are of the Huygenian type 
and with an equivalent focal length ranging from 42 mms. 
(giving a magnifying power of 6 diameters) to 17 mms. (giv- 

_ing a magnifying power of 15 diameters). 

The total magnification of the microscope is the product 
of the initial magnification produced by the objective by that 
produced by the ocular. Thus, with an objective of 3 of an 
inch or 16 mms. focal length, giving an initial magnification 
of 10 diameters used in conjunction with a 25 mms. ocular 
(magnification 10) the magnifying power of the microscope 
is 10 x 10 = 100. With an objective of 4 inch or 4 mms. 
(initial magnification 45) and an eyepiece of 17 mms. (mag- 
nification 15) the total magnifying power of the microscope 
iS-45 X 15 = 675. 

Observation of a preparation with a total magnifying 
power of about go to 100 diameters or less is spoken of as an 
examination under low power. Magnifications of any- 
thing between 100 and 600 or 800 diameters or more are 
spoken of as high power. 

Care should be taken to avoid ieee the objective 


upon the mounted specimen since this m isplace the front 
lens of the objective out of its correct po High powers 
should not be used for thick objects. 

An iris diaphragm is usually to the stage in order 
to cut peripheral rays which a t brought to the same 
focus as the central or axial . High-class microscopes 
are also fitted with a sub<¢t condenser which serves to 
concentrate the light throysNup by the mirror on the centre 

i onni is especially valuable 


of the preparation ; ine, 
sed for the observation of stained 


upper surface is 1 with the stage. 


when high powers 
sections. The NT , if any, should be raised so that its 


We Fae ithin the limits of this work, give a full 
account of a eory of the microscope. 

It wi sufficient to say that the objective gives a real 
inverte age of the object on the stage. This real image 
can OY een as an aerial image if the microscope is fitted 
wits low power objective and the eyepiece is removed. 

Sh looking into the tube, the observer will see an image 
hich is magnified 5 or 8 diameters if the objective is 14 or 
1} inch focal length. The eyepiece serves to look at the 
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real image formed by the objective and acts with respect to 
this image as a magnifying. glass. 

In modern instruments, the eyepiece is not made of a 
single convex lens, but of the combination of two plano- 
convex lenses, the convexity of each facing the incident light, 
i.e., turned downwards when the eyepiece is in position. 
The lower lens of the eyepiece, termed the field Jens, is 
placed in front of the plane in which the real image formed 
by the object lens is located and transforms this image into 
another real image which is viewed through the upper lens 
acting as a magnifying glass and furnishes a virtual magni- 
fied image of the object under examination. This combina- 
tion constitutes what is termed a Huygenian eyepiece and is 
especially valuable in microscopic work as it corrects more 
completely than any other system of lenses the aberration of 
the objective, which would be extremely troublesome with 
the high magnifying power obtained by means of the 
microscope. 


Conditions to be fulfilled in the Microscopic Examination of Small 
Objects by Transparency. 


Objects viewed with the microscope are necessarily small 


and, in the majority of cases, are examined by transparency. 
In order to be thus examined by transparency, the small 


object must be very thin, and in histological practice it 

generally consists of a thin section of a particular tissue, or 

a small fragment teased or dissociated in order thats con- 
O 


stitutive elements may be readily seen. Ofte ouring 
matters or stains are used, as we shall see pres@@#ly, so that 
the various parts of the preparation may A ifferentiated, 
some anatomical elements taking a parQwlar stain while 
some others are not affected by it or ry rate are not so 
deeply coloured. 

The section or the fragment buissociated tissue under 
examination does not merely re% on the slide, but is 
immersed in a fluid and cover Cy the cover slip. Not only 
does this procedure proie ghdprearaton against dessica- 
tion and atmospheric duals it it also fulfils an optical pur- 
pose. To prove this ve only to look at a small object, 
say, a cotton thread, fst in the dry state and then when 
immersed in a liqy@. In the first instance none of the 
details which a early made out when the object is seen 
immersed in 4y id can be recognised: The reason is easy 
to understa When light passes through a porous struc- 
ture like.A bit of cotton thread, this thread contains air so 


that ie as to pass through a solid matter separated by 
ayo air; hence the light suffers a series of refractions, 
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reflections and scatterings, which cause changes of direction 


and a loss of illumination. This effect is considerably 


minimised when the object under examination is observed 
immersed in a medium the refractive index of which approxi- 


mates that of the solid object itself. A simple experiment 


will make the matter quite clear. Let us put a glass rod in 


a bottle through a hole in the cork. If the bottle is filled 


with air the rod will be quite easily seen on a white back- 
ground, and its edges may even appear dark. Now let us 
fill the bottle with water; the rod will become more trans- 
parent, the dark edges tending to disappear. If water is 
replaced by Canada balsam or by cedar oil or by any other 
medium, the refractive index of which differs very little or 
not at all from that of glass, the rod will hardly be visible or 
will be quite invisible. It follows that a bundle of fine glass 
threads will appear practically opaque in air but will become 
more and more transparent as it is immersed in liquids the 
refractive index of which approximates more and more 
closely that of glass itself. The same phenomenon will 
occur for any substance, e.g., a filament of cotton as we have 
already mentioned or a thin fragment of tissue from the 
living body. In certain fluids, these specimens will become 
practically transparent and to examine their minute struc- 
ture, staining has to be resorted to. With careful staining, 
details of structure will appear which could not be made out 
in any other way. 

Hence the importance of the choice 
which the preparation is mounted. Ac 
paration is mounted in water, or in gly 
than that of water), or in Canada m, a good staining 
will be necessary, all the more so X%¥ħe index of the fluid in 
which the preparation is mou approximates that of the 
various constituents of the pr&paration itself. 

Most living tissues c Koe observed, without staining, 
in water or salt water. Qeerine affords a higher trans- 


the liquid in 
ing as the pre- 
e (of higher index 


parency than water, certain details of structure will 
escape notice if paration is not properly stained. 
Canada balsam g more transparency still but requires 
excellent met f staining. 


_ As we have/already stated, it is a necessity to harden a 
globe compepely before cutting it, especially if it is intended 
to make sections for microscopic examination. 


+ 


Vari Processes in the Making of Microscopic Sections. 


SI he various processes in the making of a microscopic 
on are: (1) fixation, the purpose of which is to allow 


Òt A different a elements of a given tissue or organ 
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to preserve the shape they had during life. The action of 
fixing media is different according to the particular medium 
used. For instance, some, e.g., alcohol, picric acid, act in 
coagulating the albumin of the tissues. Others, like bichro- 
mate of potash, enter into combination with the protoplasm 
of the cells; others again, like osmic acid and bichloride of 
mercury, are reduced in the presence of some elements of 
the tissues to which a metallic appearance is thus imparted. 

A good fixing medium must (a) kill as rapidly as pos- 
sible the anatomical elements, and keep them in the position 
they occupied during life; (b) allow a good optical differen- 
tiation; (c) have a sufficient penetrating power to fix the 
deep parts of the preparation as well as the more superficial 
ones; (d) cause as little distortion of the tissues as possible. 

A fixing medium which was formerly very extensively 
used in practice is alcohol, which acts in coagulating albumin 
and dehydrating the tissues. Its use is, however, always 
accompanied by a pronounced retraction and for this reason, 


alcohol is now rarely used by itself. In the case of the eye, 


the vitreous body and still more so the retina become retracted 
and often torn by a too energetic fixing in alcohol. Even 
the sclerotic, in spite of its resisting power, is often retracted 
and assumes an irregular shape. 
Müller’s fluid, which is very often used as a fixing 
medium, consists of 
Bichromate of potash, 2 to 2.5 grammes. 


Sulphate of sodium, 1 gramme. A 
Distilled water, 100 grammes. XS 
This fluid penetrates the tissues fairly quickl t it should 
be renewed every day during the first w and once or 
twice a week during the following peri It takes about 


five to six weeks to harden a whole 5a) 

Formol or formalin, which isgasAqueous solution of 
formaldehyde, is a satisfactory fixiggamedium convenient for 
quick work. The commercial alin, obtainable at any 


chemist, contains 40 per cen formaldehyde and should, 
before use, be diluted in portion of 1 of commercial 
formalin to 9 of water, w gives in this way a Io per cent. 
solution sufficient fo purpose in view. The globe is 


immersed in the liqui d, to avoid the possibility of retrac- 
tion and change Grape, it should rest on a pad of cotton 


wool at the bot of the bottle or jar in which the fixation 
is carried aÑ\ÙÑ\ ` A good fixation by means of formalin 
requires fr 12 to 24 hours, according to the size of the 


bulb, buhe latter limit should never be exceeded, as then 
the oda; the sclerotic, and especially the lens would 
becat too hard for section making. 


Ww 
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The next step is a thorough washing of the specimen as 
it is removed from the fixing fluid and its dehydratation, the 
purpose of which is to remove all traces of the water which 
may have penetrated the tissues. This dehydratation is 
carried out by means of the process we have already alluded 
to as ‘‘ running through the alcohols,” i.e., by immersion in 
alcohols of increasing strength, say, a day in alcohol at 
70 per cent., a day in alcohol at 80 per cent., and a day or 
two in alcohol at 95 per cent., or better still, in absolute 
alcohol. 

The specimen, for instance the whole globe, is then 
ready for section making. The direction in which the 
section is made depends of course on the portion of the globe 
that is being investigated. To cut a whole globe the section 
is often made along the antero-posterior direction passing 
through the corneal centre in front and through the region of 
the posterior pole behind. This section is, however, difficult 
and there is a possibility that a most interesting part of the 
eye (the macula) is not included in it. Moreover, the section 
of the eye as a whole, though often interesting and useful, 
always presents a difficulty owing to the fact that the various 
parts forming the ocular coats offer a very unequal resistance 
to the cutting instrument. The choroid and retina are easily 
cut but the sclerotic is much more resisting. Besides, when 
the globe is cut the lens is liable to escape from its capsule 
during the process of preparation. The only way to avoid 
these drawbacks is to cut fairly thick setae which, owing 
to their thickness, will not lend themsgppe to the micro- 
scopic examination. 

In fact, antero-posterior section 
to obtain a general view of the e 
the part of this chapter Bone) 
such sections in the best wake e globe should be held with 
its antero-posterior axis rizontal and two spherical 
calottes are ily abs little below the upper pole and 


Ould mainly be made 
s we have indicated in 
o dissection. To obtain 


the other slightly aboe lower pole. The height of each 
of these calottes kid be about one-fifth of the vertical 
diameter of the_e It is then easy to stick one of the flat 
surfaces thus Qbtpined on a piece of cork serving as a sup- 
port and tq make by hand sections parallel to the flat surface 
of the glo Na it is now, commencing with the superior part 

and rea g gradually the papillar region. 
Qor with one of its surfaces flat is a good cutting 
ent, and a safety razor blade is equally satisfactory. 


instr 
wh a little practice it is possible to obtain fairly thin 
os tions. 


`O 
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For the section of small pieces of tissue, too small to þe 
held in the hand, the specimen is enclosed in a cylinder of 
pith as follows. The cylinder is cut longitudinally in two 
halves and the flat surface of each half is hollowed to form a 
cavity in which the specimen is enclosed. The two halves 
are then bound together by a few turns of thread below the 
specimen, which is thus kept in its place. Then the pith 
and the specimen are cut together by the razor, the various 
sections made being placed in a shallow vessel containing 
alcohol in which it becomes easy to separate the pith from 
the sections themselves. 


The Microtome. 


Various instruments called microtomes have been devised 
to make sections of extreme thinness, but such instruments 
are necessarily expensive and beyond the reach of the 
amateur, 

A simple model designed by Ranvier is, however, inex- 
pensive and useful. It consists of a hollow cylinder fitted 
at its upper end with a perfectly flat disc. The bottom of 
the cylinder consists of a plate of metal exactly fitting the 
inside of the cylinder and can be raised or lowered by means 
of a micrometric screw, one whole turn of which will raise 
or lower the movable bottom by a given amount, say, a 
quarter of a millimetre. The specimen to be cut is placed 
in the cylinder, the movable bottom being at its 1 msi posi- 
tion. The specimen is kept in a definite positi ie means 
of pieces of pith introduced between the specj itself and 
the inner wall of the cylinder. The screwAÑN hen turned so 
as to raise the movable bottom together-kfth the specimen. 
When the latter reaches the level of, pper plate at the 


superior opening of the cylinder, 9 zor is moved along 


the plate so as to give a first cut. @\Nhen the screw is turned 
so as to raise the specimen ay, I-1oth mm., and a 
second section is made, the (eres of which will be equal 
to the excursion of the scxe@y 

The microtome of SA is not made of a size to take 
the whole of the glqpeœħough it would not be a difficult 
matter to have a simile model made of the proper size. As 
it would be almo} possible to fix the globe in the cylinder 
in an absolute ady way by means of pieces of pith, an 
alternative So consists in filling the cylinder with melted 
paraffin wNNìnd placing the eye iù the melted fluid in a 
position <rresponding to the direction of the sections it is 
prop Wt make, When the wax is quite set, a turning 
of tl€screw will ultimately bring the globe level with’ the 
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terminal plate of the cylinder and slightly above it. Then 
a first section is made. The screw is turned again a little 
to push the globe upwards, and further sections are made. 


Embedding of the. Globe in Celloidin. 


An alternative to the above method and easier to use 
is the embedding of the globe in celloidin. The globe 
should be thoroughly dehydrated by being immersed in 
alcohols of increasing strength as stated before. If this is 
properly done, better results will be obtained with the 
simplest cutting apparatus than with the most complicated 
microtome. Celloidin is procurable in the form of soft, semi- 
transparent tablets or shavings. ‘These pieces are well dried 
until they acquire an amber colour and can then be kept in 
well-corked bottles. A thin solution is obtained by dis- 
solving ten grammes of celloidin in a mixture of 120 cubic 
centimetres of ether and 120 cubic centimetres of absolute 
alcohol. This solution is usually called the thin solution. 
To obtain a thicker one 10 grammes of celloidin are dis- 
solved in a mixture of 60 cubic centimetres of ether and 60 
cubic centimetres of alcohol. 

After hardening the globe is placed first for a few days 
(5 or 6) in a mixture in equal proportion of alcohol and ether, 
then for about 8 days in a thin solution of celloidin, and 
finally for a similar period in thick celloidin. The celloidin 
penetrates the tissues of the eye and gives them a consist- 
ence which permits of an easy cutting. 

The globe, cut as we have stated a 
on a piece of wood or on a piece of co 
to avoid the use of wood or cork w has not previously 
been placed for a fairly long time ‘&Nalcohol at 70 per cent.; 
otherwise the colouring matter, ained in the wood might 
be diffused in the celloidin gn he preparation. 

The fixing of the alobato its support is quite a simple 
matter. The piece of wo Q: cork is coated with a layer of 
thick celloidin and th Ciobe pressed against it for a few 


fe, is then stuck 
ut it is necessary 


minutes. Should be not be required for immediate 
cutting it can be in alcohol. A specimen stuck with 
celloidin shoul er be kept in the atmosphere as it would 


become distorts¥and unusable after a few hours. 
The gi can then be cut either by hand by means of 
an. ordina&) razor, or by a safety razor blade, or again, in a 
micro¢afke. With some practice, sections of a thickness of 
20 mvons are obtainable. The sections which remain on 
the\blade are collected with a camel-hair brush wetted with 
ol at 90 per cent., and are transferred into a vessel full 
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Staining. il 

The staining of the section is the next step. We can- 
not give here full details of this important part in the work 
of the microscopist, and refer the student to more complete 
books on the subject. 

For our present purpose it will be sufficient to say that 
| the general arrangement of the cells in a tissue is brought 
out by staining the nuclei of the cells. For this, a basic 
stain is used such as hematoxylin or basic fuchsin, Both | 
stains contain other constituents to a variable extent. By Mm 
special treatment, the stain can be more or less completely ui 
| confined to the nucleus. | 
) In order to make out other elements of the tissue in addi- 
tion to the nuclei the sections, after having been stained with 
hematoxylin or basic fuchsin, are stained with an acid stain, 
commonly eosin and Van Gieson fluid (a mixture of acid 
fuchsin and picric acid). il 

Eosin and picric acid stains colour the cell substances bh 
diffusely ; both stain red blood corpuscles deeply if, as is the 
case with most fixing agents, the hemoglobin has been pre- ‘ty 
| served. Eosin stains them orange, picric acid yellow. o 
White fibrous tissues are coloured deep red by acid fuchsin Nl 
stains. Mi 

When the sections have been stained,. as we shall | 
explain in dealing briefly with the various parts of the eye, 
it remains to mount them to protect them from the action | 
of the atmosphere and to give them the "so trans- 


parency. As we have already remarked, pecimens 
examined under the microscope should laced in a | 
medium the refractive index of which i pted to their tat 
l degree of transparency; this medium e able to pene- vi 
| trate the tissues under examination hould be such that Ni 
it conserves the various constitueat these tissues in the ii 
state they were during life and X ects them against putre- pi 
i faction or other chemical cha O | 
| Objects of some thickne which have a certain natural bi 
opacity should be mount medium of a high refractive I 
index, approximating of glass (e.g., Canada balsam). ul 
The necessity for t that the whole of the preparation i 
l must, as far as posSHle, represent a medium of uniform | 
) index. In the ¢a& of fine objects fairly transparent and Hi 
| colourless, the ils of which would be lost in the abundant i 
| light trangnis through the microscope, less refringent 
mounting Weta (water, albumin, gelatine, etc.) are advisable, | 
| as they Moderate the amount of light entering the object nil 


lensa us place the objects in more favourable conditions 


| of nly i} 
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In practice, though many media fulfil the required con- 
dition, only two kinds are generally used, namely, various 
resins and glycerine. 

Resins are transparent substances soluble in chloroform, 
xylol, and essential oils, but insoluble in water, and pre- 
cipitated by alcohol in the form of a white deposit. The 
resins usually used in histology are Canada balsam and 
Dammar resin. 

Canada balsam is employed in solution in xylol or in 
chloroform and is especially useful for the mounting of 
preparations containing fats stained by osmic acid or by 
substances which would become colouriess in the ordinary 
commercial xylol. Dammar resin is dissolved in turpentine 
oil or in benzine. 

Whether Canada balsam or Dammar resin is used, the 
solution must be transparent and of such a fluidity that, if 
it is taken by means of a glass rod, the drops from it gently 
fall off one after another without being elongated in a fila- 
ment. If this fluidity were disappearing by evaporation of 
the solvent, it should be obtained again by addition of a 
few drops of the substance in which the resin has been 
dissolved. 

The employment of a resin as refringent and preserving 
medium involves a series of four separate operations, namely, 
(a) dehydratation, (b) penetration, (c) washing, and (d) final 


mounting. ~\ 

(a) Any specimen which has to be n ed in a resin 
should be thoroughly dehydrated by s Qetssive immersions 
in alcohol of increasing strengths fro out 70 per cent. to 
begin with to absolute alcohol to plete the work. An 
incomplete dehydration would nt a section from being 
well impregnated with the regji the following steps and 
would cause it to become gore oř less distorted. A final 
immersion in alcohol for period of a few minutes is a 
necessary condition, Q 

(b) The dehyd ections cannot be placed at once in 
the resin as the N ol they are impregnated with would 
precipitate the They must be placed for a few minutes 
in a fluid whjchill substitute itself for the alcohol and will 
be readily°s{@ked with the resin. Xylol or essential oils 
(e.g., 01 cloves, or oil of bergamot) are most frequently 
used this purpose. Oil of cloves has the property of 
remaynng on a plate of glass in the form of a drop without 

spread into a film; it easily bathes and penetrates the 
aration on which it is placed, but it has the drawback 
f discolouring sections, especially those stained with eosin 
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or other aniline dyes. When this drawback is of import- 
ance, the oil of cloves should be replaced by xylol or even 
by chloroform. 

(c) When the section is well dehydrated and impregnated 
with xylol or with oil of cloves, or with chloroform, a few 
drops of Canada balsam are poured over it; not only does 
this substance penetrate the tissues, but it appreciably in- 
creases the transparency of the preparation and may for this 
reason be regarded as a clearing medium. 

(d) The mounting of the preparation is completed by 
placing over it on the slide a cover glass on the lower surface 
of which a drop of Canada balsam is applied. A slight 
pressure will spread the drop and eliminate the bubbles of 
air which would prevent a good view under the microscope. 
On drying, the Canada balsam becomes solid and maintains 
the contact between the slide carrying the preparation and 
the cover slip. | Preparations thus mounted in Canada 
balsam can be kept for very long periods. Should. the 
preparation be mounted in glycerine, the method is some- 
what simpler. A previous dehydratation is not so necessary 
and the section placed on the slide may be at once covered 
with a small drop of glycerine. The cover slip is then 
applied as before, but it has to be cemented to the slide by 
means of paraffin wax, or of ordinary wax, or again, of a 
little Canada balsam. 


Examination of Simple Objects under the Microscope. OS 

These preliminary explanations being erstood, we 
would suggest that the student who is n quainted with 
microscopic work begins with the exae@Dation of simple 
objects, such as starch granules, ai les, linen, cotton 
and woollen fibres, as well as ig (d constituents of the 


dust of a room. 

To examine starch granulQ gently scrape the cut 
surface of a potato with a ; shake the starch granules 
thus obtained into a dro water on a clean slide, and 


apply a cover glass on; Ne reparation, With a low power, 
the granules appear A#tkeUark specks of variable sizes; under 
a high power, they seen as clear, flat, ovoid particles with 
a sharp outline: he change in appearance of the outline 
as the microscgQ§ ts focussed up or down should be observed. 
On close tnation, fine concentric lines are to be seen 
around a ute spot which is usually placed excentrically 
near tA Nigel end of the granule. 

ppearance of air bubbles in water should be care- 
ful) noted : if comparatively large, they are clear in the 
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centre with a broad dark border due to the reaction of light. 
If small they may look entirely dark. 

The examination of brewer’s yeast which has been 
grown in a solution of sugar is interesting. Observe the 
yeast particles, some of which are budding. Each particle 


contains a clear vacuole and has a well-defined outline due ` 


to an external membrane, a feature which does not generally 
occur in animal cells. 

Some mould (or Penicillium) examined in water will 
show the long branching filaments and also the spores or 
cell particles from which in some instances the filaments are 
sprouting. 

Fibres of cotton and of linen viewed in water under a 
high power will show distinctly the difference between the 
well defined, relatively coarse, and slightly twisted fibres 
of linen and the longer, thinner and more twisted cotton 
fibres. 

Mount two or three hairs of the head in water and look 
at these with the low, then with a higher power. Examine 
also some fibres of woollen material and compare them with 
the hairs. They have very much the same structure though 
the wool fibres are finer and more curled. 

An examination of dust collected on a slide, immersed 
in a drop of water and viewed with a high power will show, 
in addition to numerous black particles of carbon (soot), a 
quantity of fibres of linen, cotton, or wool, as well as shreds 
of epithelial cells derived from the epidermgss 

The observation of the amceba, a micro pic unicellular 
being, has been alluded to in page 14 


Measurement of the Actual Size of RRt Viewed under the 
Microscope. 


It is advisable in micros Cork to have a means of 
ascertaining the actual size ihe objects viewed. To do 
so, a stage-micrometer (i. slide ruled in the centre with 
lines r-roth or 1-100th apari is placed under the micro- 
scope in such a ma t the dividing lines run from left 
to right. These ]j are focussed as well as possible by 
means of the @a adjustment and their definition is 
improved by thé“use of the fine adjustment of the micro- 
scope if the NY¥strument is fitted with one. A piece of white 
cardboar then placed on the table on the right side of 
the m ope. On looking through the instrument with 
the Sa and keeping the tight eye open, the images of 
Ro es seen through the microscope will appear projected 

he cardboard. Their apparent distance is marked with 
Oy pencil on the cardboard and afterwards a scale of lines 


ea nee 
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is drawn in ink at the same intervals. A magnified repro- 
duction of the micrometer is thus obtained. Mark upon the 
cardboard the number of the objective and that of the eyepiece 
used, as well as the length of the tube of the microscope. 
This scale card will serve the measurement of any object 
without further use of the micrometer. To measure an 
object, place it on the stage of the microscope and place the 
scale card on the table on the right of the microscope. Look 
at the object with the left eye and keep the right eye open. 
The object will then appear projected on the card and its 
size in tenths or hundredths of a millimetre can be read off. 
It is, of course, necessary to have a special scale card made 
for any combination of object lens and eyepiece that is 
being used and also that the tube length of the microscope 
be the same.’ The lines on English made stage micrometers 
are usually ruled 1-1ooth and 1-1,oooth of an inch apart (i.e., 
3 and 2, of a millimetre). 

There are other methods for the measurement of the 
apparent size of microscopic objects, for which we refer the 
student to more complete works on microscopy, but the 
above method is very simple and quite sufficient for ordinary 
purposes. 

To complete these brief explanations on the subject of 
microscopic examination generally we must give a few details 
on the examination and preparation of the various tissues 
constituting the eye. 


1 It is easy to understand, from what has been S o) that the 


magnification obtained with a microscope depends on th€/jroper choice of 
the objective and of the ocular or eyepiece. Most ives permit the 
use of an- eyepiece of as high a magnifying power diameters but in 
practice a magnifying power above 1o diameters 
should not be used. It is a matter of experienc lect the objective and 
the eyepiece required to give a particular agnifying power, but as 
a rule it is not advisable to use a high power iece with a weak objective 
and conversely. 

It is possible to increase the magnį power produced by a micro- 
scope fitted with a given objective a given ocular. This can be done 
by extending the tube of the instru . Manufacturers call “ tube length 
of a microscope.” the distance fr e eye lens of the ocular at the top 
end of the instrument to the where the objective is screwed in at the 
lower part of the tube. Bri made microscopes have a tube length of 
140 mms., but good class ig ents are fitted with what is termed a sliding 


draw tube which enable<thg Observer to increase the tube-length from 140 
to 200mms. Fora given of objectives and eyepieces, the total extension 
of the draw tube f 40 to 200 mms. Causes an increase of magnifying 
power equal to ab alf as much as the original magnification obtained 
when the tube 1 is at its minimum value of 140 mms. Thus if the 
magnification he tube length of 140 mms. is 300 diameters, the total 
extension oO SS tube will raise it to about 450 diameters. A smaller 
extension of Whe draw tube will cause a smaller increase in the initial 
magnification. A graduation engraved on the draw tube permits of two 
e aT cxaminations to be carried out with the same magnifying power. 
Of ourse, the extension of the tube length requires a new focussing of the 
ro 


tion under examination. 


Ný 


ans of the eyepiece | 
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It should be quite understood that we can oniy describe 
the simplest methods used in this kind of work, i.e., those 
methods which can be made use of without any elaborate 
material. 


Microscopic Examination of the Lids. 
As already pointed out, each lid is a complex structure 
in which many various histological elements can be made 
cut. The external surface of each lid is covered by ordinary 
skin, while the surface close to the eyeball is lined with the 
mucous membrane we have described under the heading of 
conjunctiva. The lids contain striated or voluntary muscular 
fibres, plain or unstriped or involuntary muscular fibres, 
dense fibrous tissue or tarsal cartilage, fat, hairs, glands, 
nerves, blood- and lymphatic vessels. The relations of 
these parts to each other are best studied in a vertical or 
sagittal section cut in a direction at right angles to that of 
the free margin, though sections in other directions may be 
useful to elucidate some points of structure. 
To prepare a lid for section, it should be hardened in 
alcohol or formalin and the sections when made in the direc- 
tion stated above are stained with hematoxylin! and mounted 
in Canada balsam. The outline of a vertical section of the 
whole upper lid is long and narrow, the slightly curved sur- 
faces running from the ciliary border more or less parallel to 
one another till about the orbital margin of the tarsus where 
they begin to diverge, the conjunctival or bending 
inwards towards the upper fornix. The on of a vertical 
section of the lower lid is shorter, thicke d assumes the 
shape of a wedge, since the two 5 G an appreciable 
angle at the junction of the outer skigę of the conjunctiva. 
The long sacculated ae aor will be quite 
apparent as they lie in the dens ective tissue (the tarsal 
tissue) close to the conjuncti Cas their ducts opening 
at the posterior part of the @$ margin. External to these 
the bundles of fibres of t6% orbicularis muscle will be seen 
cut across; a few of tl res of the muscle lie on the con- 
junctival side of thaX¥ets of the Meibomian glands. 


1 HematoxylinfSoféetimes spelt Hematoxylin, is the colouring matter 
of Logwood. In th y state, it appears as a light-brown powder soluble 
in alcohol. The €glution generally used in practice consists of :— 


istilled Water w<5 LOO) Cems, 

O Absolute Alcohol so) a LOOLCICMS: 

° c Glycerine : a LOOTO GIS: 

NY Glacial Acetic Acid .. T0 c.cms. 
N Hematoxylin .. Se 2 grammes. 


ATU to “saturation. 


mixture is exposed to light until it assumes a deep red colour when 
it stitutes a stable stain, which can be kept for a long time in a well-corked 
( Bottle 
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A short distance from the Meibomian glands fairly large 
sebaceous glands are seen and outside these the eyelashes 
are inserted. In the outside layer of the fine skin which 
lines the lid externally, a few small hairs may be seen. 
Towards the canthi some small bundles of involuntary mus- 
cular fibres (Miiller’s muscle) may be seen, cut longitudinally 
on the section. In the upper lid the fibrous attachment of 
the levator muscle may be observed attached to the dense 
connective tissue or tarsus. The palpebral conjunctiva. is 
intimately united to the tarsus, at least on the greater part of 
the inner surface of the lids, but in the region of the fornices 
the conjunctiva is much looser and is thrown into horizontal 
folds, the purpose of which is to allow a free rotation of the 
globe in its socket. 

The lachrymal gland may be briefly mentioned in con- 
nection with the lids. It is a compound racemose gland 
yielding a watery fluid. Its ducts, of which there are 
several, as we have seen before, open on the conjunctival 
surface in the upper fornix near the outer canthus. 


Sections of the Whole Globe. 


The most convenient way of cutting sections of a globe 
for the purpose of microscopic examination is probably the 
method of celloidin embedding we have briefly described 
(page 386). As a preliminary step, sections through the 
posterior hemisphere of an eyeball that has been hardened 
in Miiller’s fluid or in formalin are stained and nted in 
the usual way, and are useful to show the relatifetHickness 
of the various coats and the layers of which 
made. Sections passing through the point ntrance of the 
optic nerve will exhibit the manner in w the nerve fibres 
pierce the outer tunics and reach edna surface. The 
modifications which are found a eighbourhood of the 


fovea centralis, and have been degeWbed (page 247) may also 
be made out if the section has beéw cut in a human eye. 
Sections of the anterior of an eyeball that has been 
hardened in Miiller’s flui ormalin should pass through 
the middle of the cornea: ens may be left in situ, but this 
complicates the ae Se section-making and the mounting 
of the preparation onNeécount of the extreme hardness of the 
lens tissue. The €¢loidin method of embedding is easier. 
The specimen yr investigation is thoroughly dehydrated 
by runnin S rough the alcohols and is then placed in a 
solution oD loidin in alcohol and ether as_ previously 
stated. ~\' er twenty-four hours, it is removed from the 
Tao: lution and placed upon a flat wooden holder. 
Whey, t e celloidin is set, the holder is immersed in alcohol 
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80o per cent., and after a few hours, sections are easily cut 
with a razor or a Safety razor blade wetted with alcohol of 
the same strength. The main advantage of this method is 
that the celloidin which has penetrated the globe, and is 
quite transparent, need not be got rid of in mounting the 
sections and serves to keep together in their normal relation- 
ship the various constituents of the specimen under investi- 
gation. The method, for this reason, is particularly useful 
for friable tissues or for large sections. The specimen 
under investigation may be stained in bulk before embedding 
or the sections themselves may be stained after they are cut. 

In studying transversal sections of the anterior hemis- 
phere of the globe, a general sketch should be made under a 
low power to ascertain the relations of the various parts. 
The layers of the cornea, the junction of the cornea and 
sclerotic, the ciliary muscle, the iris and the mode of suspen- 
sion of the lens as well as the arrangement of the pars ciliaris 
retinze can be easily ascertained. 


Sections of the Cornea. 


A tangential section of the cornea stained with gold 
chloride’ should be made and the student should sketch three 
or four of the connective tissue cells or corneal corpuscles. 
The distribution of the nerve fibres and their termination 
amongst the corneal epithelial cells, which have previously 
been described, are clearly shown in a chlaride of gold 
preparation. 

A section of cornea stained with ni N of silver’ will 
show the branched cell spaces correspgQSing to the connec- 
tive tissue cells of the previous pre ion. 

The latter preparation is b Sade by rubbing the 
corneal surface with lunar cay 
epithelium. In ten to TTN ínutes, by which time the 
lunar caustic (i.e., the nitra òf silver) will have penetrated 
the thickness of the corngy, the eye is carefully washed out 
in distilled water an <posed to light, when tangential 
sections are made yhich purpose the cornea may be 
hardened in alcoho) 


+ Gold chlori s a yellow salt usually obtainable in small tubes 


containing one me of it in solid form. It is used in solution in distilled 
water in the ion of one part of the salt for one hundred parts of water. 
2 Silv, trate is obtainable in the form of crystals and is used in 


aqueo we ion at 1% made with distilled water. (It is imperative not 
to uA ater for the purpose as this always contains a slight proportion 
of sąlt ich would cause the nitrate of silver to be precipitated in the form 
o luble silver chloride.) The solution keeps fairly well in the dark and 
Si be stored in blue or brown bottles with a glass stopper. If a solution 
of*a weaker strength is required, it can easily be made by diluting the 1% 


Se solution with the proper amount of distilled water. 


after scraping off the- 
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A vertical section of the cornea, made near the margin, 
shows clearly the arrangement of layers we have described 
in page 162. The stratified external epithelium, continuous 
with the epithelium of the conjunctiva, is followed inwards 
by the thin lamina of homogeneous connective tissue termed 
Bowman’s membrane upon which the deepest cells of the 
epithelium rest. Then comes a thick layer of connective 
tissue forming the true corneal substance. It is continuous 
laterally with the tissue of the sclerotic and is made of fibres 
arranged in regular laminz, the directions of the fibres cross- 
ing one another at right angles in the alternate lamine. 

The anterior corneal epithelium is made of a superficial 
layer of flattened cells, then an intermediate layer of rounded 
or polygonal cells the edges of which are serrated in order 
that each cell may fit in the neighbouring one. The most 
internal layer of the epithelium consists of high cylindrical 
cells, the bases of which rest on the next corneal stratum, 
i.e., on Bowman’s membrane. The latter is stained a vivid 
pink with picro-carmine.’ The next corneal layer, consti- 
tuting the greater part of the corneal thickness, is the sub- 
stantia propria formed of connective tissue fibres arranged in 
superimposed laminz which remain colourless when the pre- 
paration is stained by hematoxylin but stain a deep pink 
with picro-carmine. 

Between the lamellz of the substantia propria we can 
observe numerous oblique bundles of fibres which wive the 
préparation, especially if mounted in glycerine, R ppear- 
ance of a glassy mass with cracks or spaces ig cells 
united to each other by processes bathing the lymph 
circulating in the spaces. Descemet’s rane, the next 
corneal layer, is coloured in yellow o e by the picro- 
carmine which shows that this lay s thus colouring 
affinities differing from those es wman’s membrane. 


Descemet’s membrane is a thin sy structure becoming 


1 Carmine is a coloured body d from the insect called Cochineal. 
It occurs in the form of irregu ents of red colour. The kind most 
useful for microscopic work is k, N in the trade under the name of Carmine 
No. 40. Itis practically i in water or in alcohol but readily soluble 
in ammonia. When, howkvey it is mixed with alum or with borax, it can 
be dissolved in hot water in hot alcohol and forms an excellent stain. 
Thus, 1 gramme of Carme No. 40 and 5 grammes of Alum are dissolved in 
boiling water, the beats being continued until the mixture becomes of a 
deep violet-red. olution, which is called Alum-Carmine can be kept 
for a long time’ ew crystals of camphor or of thymol are placed in it 
to prevent t ation of fungi. 
The picro-Warmine solution is obtained as follows:—In a porcelain dish, 
containin a strated solution of Carmine in ammonia, a solution of picric 
Ns 
te 


acid in is added. The mixture is heated, when the ammonia partly 


evap and the remaining liquid assumes a characteristic blood-red 
col This is filtered and should be kept in well stoppered bottles. 
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thicker with age and offering a great resistance to the process 


or ruptured the edges have a tendency to curl up like all 
elastic structures. 

The innermost corneal layer is the endothelium which 
lines Descemet’s membrane and is made of a few layers of 
epithelial cells with a nucleus projecting towards the anterior 
chamber. In fact, Descemet’s membrane is a product of the 
secretion of these cells. 

For the microscopic examination of the cornea, fixation 
in formol for about 12 hours is satisfactory. Then a double 
staining by hematoxylin and eosin’ or picro-carmine is advis- 
able. The fundamental tissue is coloured pink in either case 
and the fixed cells appear with clearness. 


Sections of the Uveal Tract. 


The sclerotic being removed from the anterior part of a 
globe preserved and hardened in Miiller’s fluid, shreds from 
the choroidal surface, including amongst them portions of 
the ciliary muscle, are detached, stained with hematoxylin 
and mounted in Farrant’s fluid, i.e., in a mixture of glycerine 
and gum. The branched pigment cells of the choroid, the 
elastic network and the mode of attachment of the ciliary 
muscle will then be quite clear. 7 

A further interesting preparation, though a more difficult 
one, consists in injecting the choroid and iria A portion of 
the choroid and iris is mounted in Cana lsam after a 
coloured solution has been injected into Rs blood-vessels to 
show their distribution more plainly he process is not 
easy. The material used for injec may be a solution of 


1 Chemically, eosin is a tetrachlo D of fluorescein and constitutes an 
acid dye obtained by the action bPémine on fluorescein suspended in 
glacial acetic acid, Fluorescein i or uranin, as itis sometimes called) 
is a substance produced by heag phthalic anhydride with resorcine. 
It has the appearance of a b ish powder readily soluble in water: the 
nt green; it has a certain though fugitive 
T9 in eye work to detect slight abrasions of 
the cornea. The dye s“{tself on any part of this membrane in which 
the epithelium is des d and such parts assume therefore a greenish 
fluorescent colour, method is extremely useful for the diagnosis of 
corneal abrasions oNadcerations of such a small size that they might escape 
observation in most careful examination by focal illumination. 
The ee in microscopic work is in the form of a reddish powder: 


there are inds on the market, one which is soluble in alcohol and is 
often caf sin-primrose, while the other kind is soluble in water. 

AN ion of eosin-primrose is made of 0.25 grammes of eosin in 100 c.cms, 
of absolte alcohol. It is of a vivid red when seen by transmitted light and 
shad a marked fluorescence when seen by reflected light. The other kind 
Se in is also fluorescent when dissolved in water though to a less extent 
th¥n the former. The solution generally used in practice is made of 
.5 grammes of eosin for 100 c.cms. of distilled water. 


of ulceration which so often affects the cornea. When cut 
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gelatine in which the colouring matter, usually red, is sus- 
pended; this is injected into a blood-vessel by means of a 
syringe under uniform but not too high pressure in order to 
avoid a rupture of the vascular walls. The gelatine, which 
is used in a watm condition, solidifies on cooling. A simpler 
way consists in using a cold solution of carmine made of 
I gramme of carmine dissolved in a little water containing 
about 15 drops of concentrated ammonia and afterwards {| 
diluted with 20 c.cms. of glycerine. To this is added a mix- | 
ture of 30 c.cms. of glycerine and one gramme of ordinary 
salt. The whole is diluted with añ equal quantity of water. 
The cold process of injection described just now applies very 
well to the demonstration of the lymph spaces of the cornea. | 
The pointed canule of an ordinary hypodermic syringe is I 
pushed into the tissue to be injected and it is left to chance il 
to determine what spaces are opened. The injection is per- 
_ formed under a low and constant pressure. | 
Another way equally well adapted to the demonstration 
of the corneal lymphatic spaces is the use of Berlin blue 
injected in solution into the posterior layers of the cornea. 
This stain has the advantage of not staining the corneal 
tissue. Tangential sections should be made from the back 
of the cornea. 


Microscopic Examination of the Iris and of the Choroid. 
To examine the iris, the best way is to cut the anterior 
segment of the eye along the equator, fix it in fogmol and 


dehydrate it in alcohols of increasing strengt he iris, | 
i being thus fixed and hardened, is detached wył a pair of Hit 
scissors at the ciliary insertion. Staining aQNY carmine is 


ntrast with the 
Xylin were. used. 


the best as the coloration stands better 
pigment than would be the case if he 

It will then become apparent th m the anterior sur- ah} 
face inwards, the following layer&aPe’ recognised :— 


(1) An epithelial layer made@ flattened cells. 

(2) A layer of connective@glis tightly packed and en- 
sheathed in a thin rane of supporting tissue. 

(3) A stratum of vago and connective tissue in which 
the blood-vgss€}* of the iris are contained (iris 


| stroma). | 
(4) A thin lays, more or less pigmented, constituting | 
| the po or limiting membrane, or membrane of | 


He 
(5) RON pigmented layer corresponding, the || 
: | 


miterior lamina to the retinal hexagonal epithelium, i 
oe posterior one to the rest of the retina deprived | 
Ò of its nervous elements (pars iridica retinæ). 
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It should be remembered that there are, in the anterior 
surface of the iris, and especially round the pupillary aper- 
ture, numerous depressions we have described under the 
heading of crypts. Immediately around the border of the 
pupil, in the posterior part of the stroma, we find the smooth 
muscular fibres forming the sphincter of the iris. The 
dilator of the iris, in the posterior limiting membrane, has 
already been mentioned (page 188). 

The structure of the choroid has been fully described 
(pages 174 to 186). To ascertain this structure by micro- 
scopic examination a hardened globe is cut transversely and 
it will generally be found that in the posterior half the retina 
is more or less detached from the subjacent choroid by the 
action of the fixing medium used. It is then easy to peel 
off the choroid from the sclerotic by means of a pair of 
scissors cutting through what we have termed the supra- 
choroidal membrane. 

Large fragments of the choroid are thus isolated, hard- 
ened and dehydrated in alcohol and cut after embedding 
in celloidin. The coloration by means of carmine is the 
most satisfactory one. Mounting in either glycerine or 
Canada balsam completes the preparation. As already 
stated, the pigment epithelium of the retina generally remains 
attached to the choroid when an attempt is made to separate 
the two membranes. In the human eye it is easy to obtain 
a front view of the choroid by cutting with a pair of scissors 
about a square centimetre on the posterioraÑemisphere of 
the globe. Exerting a slight traction on «ibe etina with a 
pair of fine forceps, the latter membr slides over the 
choroid and can be easily detached. e choroid is then 
separated from the sclerotic by c Q with scissors the 
loose tissue which connects th structures. The frag- 
ment of choroid is then inp a slide with the retinal 


surface of the choroid tur upwards; dehydratation is 
carried out by alcohol in theNérdinary way, and the prepara- 
tion is mounted in fase balsam after an application of 
xylol, which serves NG crease the transparency of the 
specimen. 

If the eye Se a fresh one the pigment epithelium 
of the retina TS easily removed from the choroid than in 
the fresh sta¢&n which the two structures adhere intimately. 
The migr A of the retinal pigment in various pathological 
proces one of the most interesting facts in ocular his- 
tolo his pigment assumes the form of fine elements 
whi@h ‘move most easily in the tissue. In pigmentary 

is this pigment is diffused along the retinal vessels, 
om*the periphery towards the centre of the fundus. 
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To obtain a general view of the zonule, a globe well 
hardened is cut along the equatorial diameter and the 
vitreous removed with a camel-hair brush from the anterior 
segment. Then a section is made circularly in front of the 
sclero-corneal margin, about level with the root of the iris. 
The latter is cut off and the anterior segment, viewed by 
transparency, will show the path of the zonule fibres extend- 
ing from the ciliary processes to the lens surface. 

After death alterations appear very quickly in the zonule 
and for this reason the best specimens to study this part of 
the globe are human eyeballs enucleated because of an irido- 
cyclitis or animals’ eyes freshly removed. Hardening of the 
anterior segment is carried out by means of formol and this 
operation is followed by embedding in celloidin, 

Sections are made in the ordinary way and generally in 
a meridional direction. However, oblique sections directed 
from outside inwards and from the front backwards, cross 
almost perpendicularly the axes of the ciliary processes and 
are useful to show the relation of the zonule fibres with the 
valleys or depressions between the ciliary processes, A con- 
venient stain is hematoxylin and carmine. 


Section of the Whole of the Anterior Segment of the Globe to show the 
Ciliary Body and the Filtration Angle. 


A study of the whole anterior segment of the eye is 
necessary if one wishes to examine the filtration afi and 
the canal of Schlemm. (A somewhat diagram view of 
this portion of the eye is given in fig. 2%) oS whole of 
the segment should be embedded in ee and “it as 
imperative that the anterior chamber b permeated by 
this medium; otherwise the cornea i Or onger maintained 
in its proper shape especially on iO terior surface, and 
there is a risk of it becoming folged or plaited in the pro- 
cess of section cutting. Hence thg necessity of keeping the 
anterior segment in weak or 4@n celloidin for a long time, 


The section should be m ith precaution to avoid the 
lens escaping from its c& 3 

The anterior se may be cut in two ways. The 
direction of section be that of a frontal plane passing 


through the equa@n of the lens, a method which is con- 
venient to ee general view of the zonule of Zinn. Or 
again, the Ro ns are directed in planes parallel to the 
ees diameter of the globe either horizontally or 
verticall t should be remembered that it is possible to 
distin these two directions on the anterior part of the 
gloh@since the corneal margin is not exactly circular but has 
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the shape of an ellipse with its long axis horizontal. Asa 
rule, it is preferable to orient-the section along the vertical 
diameter. A good knowledge of the anatomy of the iridic 
angle (see page 200) is necessary to understand the process 
of filtration of the aqueous fluid and the mechanism of the 
production of a glaucomatous condition. In most operations 
in which an incision of the cornea is necessary (cataract 
extraction, iridectomy, etc.) this incision is made in the 
neighbourhood of the sclero-corneal margin. 

The trabecular structure of the iridic angle may be 
studied on vertical sections of the anterior segment of the 
globe which show distinctly the relation of the spaces of 
Fontana with the canal of Schlemm. 


Section of the Retina. 


The retina is, as we have stated before, a thin mem- 

brane averaging about 0.3 mms. in thickness which lines the 
whole internal surface of the uveal coat but does not contain 
any nervous elements, and is therefore insensitive to light 
in the portion extending in front of the ora serrata. The 
optical or physiological retina, i.e., the part behind the ora 
serrata, is simply applied to the subjacent choroid, the only 
firm attachments being at the level of the ora serrata itself 
and, around the optic disc. On the other hand, the retina 
normally adheres to the vitreous, and any separation between 
the two is of pathological nature or the result of post-mortem 
changes. ~\ 
In dissecting the posterior segment ong ye great care 
should be taken to avoid a detachment @ the retina from 
the subjacent choroid and the consequ€N ‘plaiting or folding 
of the former membrane which ward render it useless for 
microscopic examination. S ' 

The retina is absolutely TA rent when examined in 
situ very shortly after death Rut, in a few hours, it assumes 
an opaque condition whichXdoes not permit a view of the 
pigmented subjacent p @ Only the ciliary part (pars 
ciliaris retinze) remaja ransparent for a longer period 
because it does ni ontain any nervous elements and 
because it is the £}ration of these elements which produce 
the post-morte acification. These alterations are mainly 
due to the sy¥ejling of the innermost retinal layers and since 
the macul€)With its fovea centralis, is the part where the 
nervo ments are more numerous, it is obvious that this 
part Wrst affected by the post-mortem changes. Owing 

e’ swelling alluded to just now, a fold soon appears 


led by the older anatomists the central fold of the 


to 
Q extends from. the macula to the disc and was 
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retina (plica centralis retinæ). It is easy to ascertain 
that immediately after death the macula is perfectly 
transparent, at least, so long as it is viewed on its natural 
choroidal background. Soon, however, it assumes a yel- 
lowish tint which has led to the name of yellow spot. Recent 
researches have shown that if the macula does not appear 
yellow on a retina that is still transparent, it is because its 
very transparency permits a view of the subjacent choroid 
which greatly masks the yellow of the macula. On detach- 
ing a retina and placing it on a sheet of clear glass, the 
yellow spot is clearly visible; its coloration is not, therefore, 
due to a post-mortem change but occurs normally in the 
living eye. 

The appearance of the retina alters more rapidly after 
death or when it is removed from a freshly enucleated eye 
than that of any other tissue in the body. This alteration is 
already well marked half an hour after death as shown by 
the greyish tint of the retina if an ophthalmoscopic examina- 
tion is then performed. To study the structure of the normal 
retina, it is necessary, therefore, to use normal eyes removed 
from the living subject, a thing that is only possible in 
cases of enucleation performed in view of the removal of a 
malignant orbital tumour. 

The minute structure of the retina has been studied at 
some length (see page 227 and after). A preliminary 
examination of the details of construction is made by teasing 
in a drop of glycerine a minute fragment of retiga which 
has been placed for two or three hours in a 1 t. solu- 
tion of osmic acid! and has subsequently bee t in diluted 


1 Osmic acid is obtainable in the form of xY crystals generally 
sold in sealed glass tubes containing either one me or half a gramme 
of it. To make a solution, the best way is ove carefully the label 
of the sealed tube as it is obtained ne emist, to wash its outside 


very carefully in order to remove all trac@ of gum or paste and to dry it 
with a clean piece of white rag. Then th e is held over a sheet of paper 
in order to collect the crystals if it yereaccidentally broken. By means 
of a file, the sealed end of the tub pposed to contain one gramme of 
osmic acid) is cut off and the tube ether with its contents, is placed in 
a tumbler containing 100 gra distilled water. The time required 
for complete solution may be nuch as two or three days, and as osmic 
acid is easily reduced an mes black in the presence of organic dust 
and also under the influende J ight, it is imperative that the above operations 
be carried out in an at phere as free from dust as possible and in 
comparative darkness, Gtjis for this reason that it is advisable to use a yellow 
coloured glass tumb Ay make the solution. Even in the best circumstances, 


a certain amoun eduction is unavoidable and, therefore, it is well to 
make the sol m small quantities and to keep it in the dark in well 
stoppered b of yellow glass. 


to breath e vapour, which is very poisonous. 


P sic acid in solution is usually employed for fixing the retina! 
elem@ats,*especially the rods and cones. 


In ae osmic acid solutions, the operator should be careful not 
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glycerine till it is required. The separation of the retinal 
elements is completed by gently tapping the cover glass. 
Ji is then possible to observe and to draw, under a high 
power, the isolated retinal elements, namely, the rods and 
cones with their attached fibres and nuclei, the outer cor- 
puscles, the inner corpuscles, the hexagonal pigment cells, 
the fibres of Müller, etc. 

A transversal section through the posterior part of the 
eye of a mammal, hardened in Miiller’s fluid, stained in bulk 
with hematoxylin and eosin and embedded in celloidin will 
enable the observer to recognise under a magnification of 
about 300 diameters (a) the layer of optic nerve fibres, which 
is thin and inconspicuous, the fibres being without a 
medullary sheath; (b) the ganglionic cell layer consisting of 
a single layer of large nerve cells with conspicuous nuclei; 
(c) the inner molecular layer appearing as a very close plexus 
of fine fibrils; (d) the inner nuclear or inner corpuscular 
layer showing two to four rows of cells (bipolar cells) with 
round or oval nuclei; the cell substance is inconspicuous, but 
the nuclei are well marked; (e) the outer molecular layer, a 
thin plexiform layer resembling the inner molecular layer; 
(f) the outer nuclear or outer corpuscular layer in which the 
bodies of the cells are more numerous than in the inner 
nuclear layer while the nuclei of these cells are smaller; (g) 
the layer of rods and cones in which the outer and inner 
limbs of the rods can be distinguished. The cones will be 
seen to be shorter and less numerous than rods, except, 
of course, in the foveal region if the e ation is made 
on a human eye; (h) the layer of hex al pigment cells 
the inner protoplasmic processes of rch envelop the free 
or outer end of the rods and con he supporting fibres 
(Miiller’s fibres) will also A as lines stretching from 
the so-called inner RE rane to the so-called outer 
limiting membrane. It sig not be forgotten, however, 


that the two limiting m nes are not true retinal layers; 
they are seen on the pation as fairly well defined lines, 


the inner one marki e inner boundary of the layer of 
optic nerve fibres the outer one forming the apparent 


separation of (Heyer of rods and cones and of the outer 


nuclear layer, “As already pointed out, these lines or these 
apparently Kiting membranes are merely formed by the 
cut end e supporting Miiller’s fibres. 


ther examination can be made as follows :—The 

eye freshly killed frog is cut out. Holding it up by the 

© nerve, cut off a small part (0.5 to 1 mm.) of the ocular 

tS around the optic nerve. The point of a pair of fine 

Oecissors is then inserted into the holes thus made and two 
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radial cuts are made including about one-third of the globe 
between them. The anterior part of the globe is cut off and 
the posterior part is placed, inner surface downwards, on a 
slide between two strips of fairly thick paper. The sclerotic 
is then removed, fixing the pigment epithelium layer at one 
edge and the rest of the retina at the ether; the two are then 
pulled apart. If this is done quickly the retina will be seen 
of a purplish red colour due to the visual purple of the rods. 
The preparation is covered with a cover glass having on it 
a drop of Ringer’s fluid (i.e., a solution of chloride of 
sodium, chloride of potassium and chloride of calcium in 
distilled water, the proportion of the three salts being 0.65 per 
cent. for the first and 0.025 per cent. for each of the other 
two. This solution, often termed salt solution, has nearly 
the same composition as the fluid or serum normally bathing 
the living tissue). An immediate examination of the pre- 
paration will show the mosaic formed by the ends of the rods 
and cones; most of the rods are purplish red but the colour 
soon fades. When this has occurred, the strips of paper 
are removed and the piece of retina is teased out by means 
of teasing needles when the large outer limbs of the rods, 
their longitudinal fluting and their transversal breaking into 
discs can be observed. A similar preparation of the retina 
of a mammal will show that the diameter of the rods and 
cones is appreciably smaller. 

The pigment epithelium layer of a sheep’s eye \s easily 
studied. A small piece of retina is removed fẹ) globe 
preserved in Miiller’s fluid. It will probably @jYound that 
the pigment epithelium layer will be left ring to the 
choroid. A small piece of this layer is 1 èd in glycerine 
(or if the eye used is a fresh eye, it soante in the salt 
solution referred to just now). Th MSroscope will show 
the single layer of hexagonal chdis with large pigment 
granules. 

The various preparations the retina we have just 
described certainly give an i, of the complex structure of 
the nervous membrane iN, but they do not show satis- 
factorily the relations O îe various layers. To ascertain 
the physiological conQegtion between a rod or a cone on one 
hand, and an optic gerve fibre on the other, the retina should 
be prepared acoge to Golgi’s method modified by Cajal. 
This method, ¢fiowever, too complicated to be described 
in detail. we have said (page 229) is sufficient to give 
an idea and we can only refer the student to more 
ee. 0) orks on histology. An excellent book on the 
subject ‘Guide to the Microscopic Examination of the 
EW, by Prof. Greeff, of Berlin, translated from the 3rd 
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German edition (1910) by Dr. Hugh Walker, of Glasgow, | 
and published by the Ophthalmoscope Press, Ltd. (now the 
British Journal of Ophthalmology), Thayer Street, Man- 
chester Square, London, W. ‘The book is replete with use- 
ful practical information and constitutes a most valuable 
vade mecum for the microscopist. 


A Convenient Form of Microscopic Stains. 


Though we have given in the present part of this book 
a few hints for the preparation of the various staining media 
in general use, yet it will be undoubtedly more convenient 
for the student who wishes to do microscopic work to pro- 
cure the stains ready made. They are obtainable in solution 
form in stoppered bottles from any firm of microscopic appli- 
ances makers, and also in the form of tablets or Soloids, 
from Messrs. Burroughs, Wellcome & Co., Ltd. The 
latter form is particularly well adapted to the requirements of 
the amateur microscopist, the various media being supplied 
in tubes generally containing six tablets, each of which is 
dissolved according to the directions given in the label of 
the tube when the solution is required. The great advan- 
tage of this method is that the products keep indefinitely in 
solid form, while solutions are liable to become affected under 
ordinary atmospheric conditions. 


ArPPENDDS. | 
DESCRIPTION: OF STEREOGRAMS. | 


As already stated, each Stereogram from No. I. to XIV. 
(both inclusive) is accompanied by a line drawing (figs. 38 | 
to 51) serving as a key, and the lettering of which indicates | 
the most important features when the plate is examined by | 
means of a convenient form of stereoscope.’ | 


Stereogram I. (fig. 38) shows the cavities and sinuses 4 
surrounding the orbit. The section is a vertical one, passing i 
just posterior to the greater part of the superior and inferior i 
orbital margins. The frontal sinus is well developed. The | 


slope of the orbital Efe downwards to the temporal side, | 
and, downwards anteMérly, shows clearly. a Frontal sinuses. | 
b Orbital plate Frontal bone. c Sphenoidal fissure. d | 

| 


Nasal septum,.@ “Anterior portion of spheno-maxillary fis- 
+ 


sure. S ‘mal groove and canal. The canal, which 
opens into e inferior meatus of the nose, is occupied in 


5 SQkrams I and II are reproduced from Dr. Monthus’s “ Icono- 
grape Stereoscopique Oculaire,” by kind permission of the publishers, | 
Me Masson & Co., 120, Boulevard St. Germain, Paris. It 
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life, by the lachrymal sac. h Ethmoidal sinus. t Maxillary 
antrum (antrum of Highmore). 7 Inferior turbinate bone. 
k Palate bone. 


Stereogram II. (fig. 39) permits the observation of the 
most important ‘features of the orbital cavity. In this 
specimen the spheno-maxillary fissure widens, in two places, 
to an extent not frequently observed. a Frontal bone. b 
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Fic. 39. xO 
Supra-orbital notch. c Orbi ate of the frontal bone, 


bone. e Lesser wing of enoid. f Optic foramen. g 
Ethmoid. h oa Oe oove. t Orbital portion of 
superior maxilla. 7 I rbital foramen. k Superior por- 
tion of the greata C of the sphenoid. The orbital 
portion n of this N is separated from the lesser wing of 
the sphenoid A e sphenoidal fissure m. l External 
angular proces6f the frontal bone. o Spheno-maxillary 
fissure. alar bone. In this stereogram the depth 
appears somewhat greater than its true value, this being 
due SS xaggeration of the stereoscopic effect. 


eroaan III. (fig. 40) represents an antero-posterior 
n through the globe of an adult, viewed slightly from 
he front: 


forming the anterior not a he orbital roof. d Nasal 


+ 
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The iris is divided to one side of the contracted pupil; 
the remarkable flattening of the anterior lens surface is well 
shown. About 4 mms. to the left of the centre of the optic 
papilla a dark spot m indicates the position of the fovea cen- 
tralis which is, in this specimen, on the surface of a swollen 
fold of the retina (the plica centralis) a post-mortem appear- 
ance which affects the retina especially in the region sur- 
rounding the macula lutea. 


Fic. 40. Q 

a Cornea. b Sulcus of the scleroml PSrresponding to, 
and just behind, the outer sclero-c junction; c is the 
attached margin of the iris; this i QA o be finely irregular 
owing to the fibres of the pecting ligament. Above it will 
be seen the faint linear shadow “Mrown by the sulcus circu- 
laris, which is not particuląĝ9 well marked in this plate; d 
is the iridic angle, whicl hown here as acute owing to 
the stretching of the WO ose pupil is contracted; the 
same letter d repres Qe point where the root of the iris, 
the ciliary muscle, the fibres of the’ pectinate ligament 
are attached. e (@mry processes; f the iris stretched straight 
across the aqu chamber. Note that in this preparation 
the iris is to one side of a very contracted pupil. g 
Thicken ve of the physiological retina at the ora serrata; 
h is thg\erystalline lens, the anterior flat surface of which is 
in c t with the posterior surface of the iris: 7 is the 
lojon of the so-called canal of Petit between the fibres of 
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the zonule of Zinn, the edge of the lens and the ciliary pro- 
cesses; k is the sclerotic; l is the optical or physiological 
part of the retina; m is the fovea centralis appearing on the 
surface of the plica centralis; n the optic papilla or optic 
nerve head with the physiological excavation at its centre; 
o the choroid; p the lamina cribrosa; q the central artery of 
the retina; + subarachnoidal space; s the dural sheath of 
the nerve, lined with the arachnoid membrane which sur- 
rounds the nerve and has a pial investment. 


Stereogram IV. (fig. 41) represents an antero- -posterior 
section of the eye of a man aged thirty-nine. The section 
passes through the optic papilla posteriorly and divides the 
iris in front to the near side of the pupil. The preparation 


n. MANILO KD 


© 

shows very well tha grata and the pars ciliaris retinæ. 
The retina has in *S separated from the choroid, and the 
choroid is obseve apart from the sclerotic. In this view 
the nber. a & lens is not seen. a Cornea. b Anterior 
chamber. tis, cut across to the near side of the pupil. 
d Po ONecter e Ciliary body. f Ciliary processes. 
Cee allina. h Pars ciliaris retinze, orbiculus ciliaris 
EAN \ a striated appearance. i Ora serrata—the edge 
of the pars optica retin. 7 The retina detached from the 
id. k Choroid, detached from the sclera, here displays 
son fibres of the lamina fusca. 1 Sclerotic. m Optic papilla 
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with the optic cup in its centre. n Dura-matral sheath of 
optic nerve. o Optic nerve. Arteria centralis retine. 


Stereogram V. (fig. 42). Antero-posterior section 
through the eye of a man of 39. Same specimen as that 
shown in previous stereogram. The lens with its capsule 
and the vitreous have been removed; immediately in front 
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sulcus circularis cornez can be seen. 
are well displayed and the orbiculu ris is well shown. 
The retina is in great part mem ut along the line of 


ciliary processes 


b) 

the ora serrata it is seen to be mex firmly fixed to the sub- 
jacent structures; posteriorly tĦe:; optic cup is clearly 
shown. Q 

a Cornea. . b Anteriar ber. c Itis; immediately in 
front of its attached cj ference evidence of the sulcus 
circularis corneze m seen. d Ciliary body. e Ciliary 
processes. f Orbiçu ciliaris with meridional fibres.. g 


Ora serrata. h a. 1 Choroid. 7 Sclerotic: k Retinal 
vessels. 1 Op iCPapilla and optic cup. m Optic nerve. n 
Dura-matr Kaptain of optic nerve. o Arteria centralis 
reting. S 


Wo ram VI. (fig. 43). Anterior half of an antero- 
posi@yior section of the eye viewed obliquely from behind. 
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The ora serrata is well seen; along this goffered edge 
the retina is seen to be more firmly attached to the subjacent 
choroid than it is posteriorly. The radial arrangement of 
the orbiculus ciliaris is clearly shown on the left of the 
specimen. The pigmented posterior surface of the iris is 
displayed, forming the anterior wall of the posterior chamber. 
In this photograph the light has failed to catch the fibres 
of the ligament of the lens, so that they are not revealed 
in the specimen. 
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FIG. 43. 


a Cornea. b Anterior chamber. c Pupilļlary margin of 
iris. d Posterior chamber; with the p r. pigmented 
surface of the iris in front, and the blunt erior extremities 
of the ciliary processes projecting KO posteriorly; the 
zonule of Zinn is not here seen. gO iary body. f Ciliary 
processes. g Lens. h Orbico ciliaris, overlain by the 
pars ciliaris retinæ. i Ora se j Retina. k Choroid. 
l Sclerotic. 


Stereogram VII. 5i 44). Antero-posterior section 


through the fore par he globe of the eye. This section 
shows very well t uspensory ligament of the lens, par- 
ticularly on th I®"ide. As will be seen, the fibres of the 
zonule of Ziniohee from the ciliary body and the orbiculus 
ciliaris; th eparate as they pass to the lens, some going 
to the fr i) ‘others to the posterior surface of that structure ; 
betw. Nie diverging fibres and the circumference of the 
lensNQ& space shown in section, g, the canal of Petit. The 
gon also displays the relationship of the sulcus scleræ (c), 
tħe junction externally of the cornea and sclerotic, to the 
o circularis corneæ (e) situated at the angulus iridis. 
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a Cornea. b: Anterior chamber. c Sulcus sclere. d 
Iris. e Sulcus circularis cornee. f. Posterior chamber 
bounded behind by the ciliary processes and the ligament 
of the lens. g The canal of Petit with the zonular fibres in 


SERTE A 

Ç. 

Sa a 

5 
EN IS DEN Se 


front and behind. h Ciliary body. i Ciliary processes. 
} Lens crystallina. k Orbiculus ciliaris. l Ora arate. m 
Retina. n Choroid. o Sclera. p Corpus vit 
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© Stereogram VIII. (fig. 45). Antero-posterior section 
through the eye. The pupil is widely dilated, with conse- 
quent thickening of the iris, which at its circumference is 
now seen to occupy almost completely the sulcus circularis 
corneæ (d). The vitreous is in situ; its delicate hyaloid mem- 
brane is well displayed to the right of the entrance of the 
optic nerve; its fine connections with the surface of the retina 
are also seen. 

a Cornea. 6b Anterior chamber. c Iris, with widely 
dilated pupil. d Sulcus circularis cornez, fully occupied by 
the contracted and thickened iris. e Ciliary body. f Ciliary 
processes. g Faint indications of the ligament of the lens. 
h Ora serrata. t Retina. 7 Choroid. k Sclerotic. 1 Hyaloid 
membrane; its connections with the retina are also visible. 
m Entrance of the optic nerve. n Optic nerve. 


Stereogram IX. (fig. 46) represents a quarter of the 
ocular globe cut from pole to pole. This method of section 


has been adopted so as to enable the iris to be pulled back 
without any damage. The lens with its ligament and the 
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vitreous hav Coeen removed. The quadrant of the iris has 
been T in order to open up the angle of the iris 
and t pose the sulcus circularis cornee (c). The 
ae riz revealed at the bottom of the sulcus are due 
ic abe arrangement of the fibres of the pectinate ligament, 
tervals between which communicate with the spaces of 
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a Cornea. 06 Anterior chamber. c Sulcus circularis 1| 
cornez, at the bottom of which the vertically disposed fibres | 
of the pectinate ligament can be faintly seen. d The iris | 
pulled back. e Ciliary body. f Ciliary processes. œ i 
j4 
| 


Orbiculus ciliaris. h Ora serrata; here the cedema of the | 
pars optica retinæ, due either to post-mortem changes or the | 
influence of the preservative, is very definitely limited in 
front in harmony with the attached edge of the ora serrata. i 
t Retina. j Choroid. k Sclerotic. 

| 


Stereogram X. (fig. 47). View of the anterior surface | 
of the eyeball, the cornea having been cut away and the i 
anterior chamber laid open. 


Under the thin edge, f the cornea has been cut | 
away on the right side reparation, some of the fibres | 
of the pectinate ligamegny an be seen (g) with the openings i 
of the spaces of iON in between them. a 
a Outer surfagpof sclerotic. b Cut edge of ocular con- E 
| junctiva. c Sc Pond margin cut through and cornea | | 
. removed. Q QNrerior chamber, with anterior surface of iris p 


| behind. see margin Ae iris. f Crystalline lens, seen i 
| throug! Fibres of the pectinate ligament with | | 4 
openi f D ne of Fontana. h Circular folds of iris. i 
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Stereogram XI. (fig. 48). Anterior view of the eye, the 
cornea and sclerotic having been removed. 


| The iridic angle is thus exposed from the front (c) and 

| the fibres passing from the cornea to the front of the iris, | 
| which constitute the pectinate ligament, are well displayed; 

| in the intervals between these fibres there are openings lead- 

ing into the crypt-like spaces—the spaces of Fontana. Just 

| external to the ciliary margin of the iris (c) may be seen a 

| narrow annular band surrounding the iris; this marks the 

| anterior attachment of the meridional fibres of the ciliary 
muscle to the internal scleral process. 
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a Choroid. N surface of the ciliary body. œ 
marks the positjefQt the spaces of Fontana, the openings 
of which appeatNbétween the fibres of the pectinate ligament. 
just external Go c may be seen the line of attachment of the 
anterior ẹ of the meridional fibres of the ciliary muscle. 
d ConxeNty of the iris overlying the sphincter pupille. e 
The X lary margin of the iris. f Lens seen through pupil. 

; F folds of the iris. h Radial folds of the iris. 
ao: æ vorticose of the choroid. j Long posterior ciliary 

tery. 


Ae? k Ciliary nerve. 
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Stereogram XII (fig. 49). View of the anterior sur- 
face of the eye, the sclerotic and the cornea having been 
removed. The right half of the iris has been cut away so 
as to open the posterior chamber, the posterior wall of which 
is thus exposed; this is seen to be formed, from without 
inwards, by the blunt anterior extremities of the ciliary 
processes (e), the zonule of Zinn composed of the fibres 
which form the ligament of the lens (d), and the anterior 
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$ margin 
(7) are seen 
ds which pass 


surface of the lens (f). The cut edge of the 
of the iris (c) is shown, and certain narrow 
divided. These are the radially arrange 
from the forepart of the ciliary body ciliary processes 
on to the posterior surface of the i onverging towards 
the pupillary margin. On the left\efid upper side of the 
preparation the outer layer of TO iary body has been dis- 


sected away so as to expose meridional fibres of. the 
ciliary muscle and the vases nervous plexuses within 
its substance. Close to © liary margin of the iris on 
the left can be seen N the fibres of the pectinate liga- 
ment and the EN the spaces of Fontana. 

a Choroid. „b~Meridional fibres of ciliary muscle, 


together with vex and nerves. c Cut peripheral attach- 
ment of iris. onule of Zinn, suspensory ligament of the 


lens. e AgiQSor extremities of the ciliary processes seen 
in shadowN Lens. g Pupillary margin of iris. h Fibres 
of the inate ligament with the openings of the spaces of 
Fongta i Cut edge of iris. j Folds passing from ciliary 
bo nd processes to posterior surface of iris (structural 
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folds of Schwalbe). k Outer surface of ciliary body. 
l Ciliary nerves breaking up to form plexus. m Divided 
edge where superficial part of ciliary body has been removed. 


Stereogram XIII. (fig. 50). View of the interior of 
the anterior half of the globe seen by reflected light. In 
the centre is seen the lens; around its circumference there 
is a narrow dark annular zone, the zonule of Zinn; here and 
there the striation produced by the fibres of the suspensory 


ligament can be faintly seee). External to the zonule, the 
corona ciliaris, formed seventy or more ciliary processes, 
is well displayed (d . Wide of the elevations produced 
by the ciliary pro@aSges the orbiculus ciliaris is shown. The 
ora serrata of poe is somewhat obscured by the pucker- 
ing of the h d membrane of the vitreous. body. 

a Scle 650 b Choroid. c Retina. d Orbiculus 


ciliaris. nule of Zinn; the fibres of the suspensory liga- 
ment e lens can be faintly seen. f Posterior surface of 
the : along its circumference may be seen the points of 


attachment of some of the suspensory fibres. g The corona 
jaris. h The vitreous and puckered hyaloid membrane. 
Oi Ciliary processes. 
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Stereogram XIV. (fig. 51). View of the interior of the 
anterior half of the globe of an adult. This photograph has 
been introduced because it shows very well the arrangement 
of the lamellz of the lens, as seen from behind, to form the 
posterior lens star. As will be seen in this specimen, the 
tissue of the lens is disposed in eight wedge-shaped masses. 

The lens also displays around its circumference a two- 
edged appearance. The vitreous and hyaloid membrane 
have been removed from the posterior surface of the lens, 
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but the connection of th eems to correspond to the 
edge of the circumferenc he lens. To the anterior mar- 
gin of the ees aay be seen passing the fibres of 
the suspensory ligamé@s# of the lens. 

a Sclerotic. &@orn edge of the hyaloid membrane. c 
Corona ciliaris imed of eighty-one ciliary processes. 
d Zonule of Q; the fibres of the suspensory ligament of 
the lens ar&\Sére seen passing to the anterior aspect of the 
circumfereyce of the lens. e Posterior surface of the lens, 
showjnX) lens star, f Retina. g Ridged and striated 
orbicgiis ciliaris, 
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GLOSSARY: 


Acromegaly. A curious disease in which together with ocular 
symptoms (Hemianopsia) there is an abnormal development of the 
extremities, especially the hands and feet. It is associated with a 
diseased condition of the pituitary body and of the thyroid gland. 


Acute. Having a rapid onset, a short course and pronounced 
symptoms. 


Adynamia. Loss of power in muscles. 


ce 


Afferent means ‘“‘ carrying to.” In the case of nerve fibres, the 
term applies to those fibres which transmit nervous impulses from the 
periphery of the body to the brain centres. It is equivalent to centri- 
petal and is often replaced by the term sensory, though this is not 
strictly correct. (See page 42.) 


Albuminuria or Bright’s Disease is a congestion or inflammation 
of the kidneys characterised by the presence in the urine of albumin, 
generally serum albumin, which usually results from disintegration of 
the renal epithelium. The term Physiologic Albuminuria applies to the 
occasional and temporary presence of albumin in the normal urine apart 
from any kidney lesion or from a diseased condition of the system 
generally. 


Amaurosis. (See Amblyopia.) 


Amblyopia is dimness of vision or reduction of visual acuity and 
Amaurosis, total blindness that is not caused by any error of refraction, 
or any opacity of the refracting media, or by any disease of the eye 
showing itself by changes visible either directly or by ophthalmoscopic 
examination. In the pre-ophthalmoscope days t wn were exten- 
sively used to denote partial or total blindness nN cause lying in 
the portions of the eye not visible in the living ect. Thus, choroid- 
itis, optic neuritis, etc., were classified undergtke’ heading of Amaurosis 
if the subject were totally blind, or of Qr@PjYopia if his visual acuity 
were merely lowered. Gradually the aboxQJtrms disappeared to a great 
extent when the location of the dgtestw ing trouble became possible 
and, at present, they are only used ko Jie ote loss or dimness of vision 
apart from any visible cause in tM eye itself. Thus we speak of con- 
genital amblyopia which is du an arrest of development of some 
important part of the oa often the globe as a whole (microph- 


thalmia) or the nervous a tus of the eye; again, we observe cases 
of amblyopia ex-anopsi 2 amblyopia from disuse or from non- 
use of, the eye as o in concomitant squint, the development of 
the defect being t wy t of nature to prevent diplopia or double vision. 
In the same wa} still speak of toxic amblyopia, though we know 
now that this cont#fion is really retrobulbar neuritis (i.e., an inflamma- 
tion of the xéo nerve behind the globe) caused by various poisons, 
especially €0w&cco and alcohol. Similarly we have the type of 
amblyopigXind amaurosis) due to some disorder of the portion of the 
centraNetvous system which presides to vision. In fact, in the present 
statN ophthalmic science, amblyopia and amaurosis are respectively 
oen or complete loss of visual acuity apart from any visible 

toms. As a wag puts it, in amblyopia the subject still sees a 


a Rie and the ophthalmic surgeon does not see anything; in amaurosis, 
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neither the subject nor the surgeon sees anything. 
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Amorphous (from the Greek prefix a, meaning deprived of, and 
morphe, shape) a substance is amorphous when it is formless, shapeless, 
and of uniform homogeneous structure, like a mass of glass, by contra- 
distinction with crystalline substances the molecules of which are 
arranged in a definite geometric order. 


Analysis. A chemical term denoting the resolution of a compound 
body into its constituent elements. For instance, if an electric current 
is made to pass into water (rendered more conductive by the addition 
of a few drops of sulphuric acid)’ it is found that two volumes of 
hydrogen are liberated at the negative pole or cathode and one volume 
of oxygen at the positive pole or anode. This operation constitutes the 
electrolytic analysis of water. 


Anastomosis. This term generally means intercommunication of 
two or more blood-vessels more or less remote from each other. 


Anthropology. The Greek prefix anthropo, means “ relating to 
man or to the human race.” Anthropology is the branch of science 
concerned with the study of the human race. 


Aphakia. The condition of an eye deprived of the crystalline lens. 


Aphasia. Partial or complete loss of the power of expressing ideas 
by means of speech or writing. Aphasia may be either motor or 
sensory. 

Motor aphasia consists in loss of the power of speech owing to 
inability to perform the various movements of the mouth and larynx 
necessary for the articulation of words. The muscles concerned in 
these movements are not co-ordinated owing to disease of the cortical 
centre for speech. 

Motor aphasia is usually accompanied by agraphia, i.e., inability to 
write, and by right hemiplegia. The cortical centres for articulate 
language are supposed to be divided into four subcentres, \Yamely, a 
visual centre for words, an auditory centre for words, i centre 
for articulate speech, and a motor centre for written la e. Lesions 
of one or more of these subcentres produce the char stic forms of 
motor aphasia. 


Sensory aphasia or Amnesia is the loss of Ry for words and 
may exist alone or in conjunction with mota N asia. It occurs in 
three main forms: (1) simple loss of meg words; (2) word- 
deafness or inability to understand spoken Wwofds; and (3) word-blind- 
ness or inability to understand written Aerinit words. 

Aponeurosis (plural aponeuroses 1otes a fibrous, membranous 


expansion of a tendon giving at ent to muscles or serving to 
enclose and bind down muscles 


Apoplexy. The oN Iting from hemorrhage or from the 
plugging of a blood-vess Q cially in the brain or the spinal cord. 
The word apoplexy is Sge es also applied to the bursting of a vessel 
in other parts, e.g., the gs, or the retina. In such cases, however, 
the term hemorrha ore frequently used. 


Arborisation. (See Neuron.) 


Artefact. A tructure that has been produced by mechanical, or 
chemical, oNN: artificial means, or a structure or tissue that has 
been changed*from its natural state by artificial means. The term 
is ofte in microscopical and histological work to denote structures 
whiog >) ue to the mechanical or chemical effects of the media used 
for_Kadening, fixing, etc. 


N 
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Arthropoda. The class of invertebrate creatures with jointed limbs 
like crabs and spiders. See Classification of Living Beings. . The term - 
Articulata is often used as synonymous to Arthropoda. oh 


Articulation or joint denotes the union of two contiguous bones 
together with the parts forming the connection. There are in the body 
movable joints and fixed joints. That uniting the upper end of the 
thigh bone or femur to the bone of the pelvis represents a typical mov- 
able joint of the ball-and-socket kind. In joints of this kind the bony 
surfaces which move upon each other are covered with cartilage and 
between them is placed a sort of sac which lines the cartilage and to a 
certain extent forms the sidewalls of the joint. This sac, somewhat 
similar to a serous membrane, secretes a small quantity of viscid, 
lubricating fluid termed the synovia. The bones of the skull are joined 
together by a kind of dovetailed arrangement of their edges, which 
represents the type of fixed joints. 

Between the two kinds of articulation, namely, the movable and 
the fixed joints, there are examples of imperfect joints in which the 
conjoined bones present no smooth surfaces capable of rotatory motion 
but are connected by continuous cartilages or ligaments and have only 
so much motility as is permitted. by the flexibility of the joining sub- 
stance. Examples of such joints are found in the vertebral column, the 
flat surfaces of the bodies of the vertebra being connected by thick 
plates of flexible fibro-cartilage which confer upon the whole a fair 
amount of play and springiness and yet prevent any great extent of 
motion between the several vertebre. 


Ascending with respect to the central nervous system means afferent 
or headwards. 


Astringent. Checking hemorrhage by contracting the blood-vessels. 
The term Styptic (which is derived from the Greek word meaning 
astringent) is frequently used in the same sense. 


Atavism. The appearance of a peculiarity in an\individual whose 
more or less remote ancestors possessed the SATE arity but whose 
immediate ancestors did not present it. 


Ataxia. Lack of co-ordination of mus movements such as 
occurs in diseases of the cerebellum, or i Sclerosis of the posterior 
columns of the spinal cord as is the cask locomotor ataxia or tabes 


dorsalis. 
Atonia. Loss of tone in m G 


s 
Atrophy. Diminution in pe of a tissue or an organ or a part, 
of the body, the result of degeNefation of the cells or decrease in the 
size of the cells. 


Autolysis (or AutodigesNon). Digestion of an organ by its own 
secretion. The term plies to the self digestion of inflammatory 
exudates and nen aterial in the living body. 

Axis-cylinder(ory euraxon of a nerve fibre is the central living core 
which transmi conducts nerve impulses. 


+ 


Bacteri plural bacteria). The word was at first applied to 
microscopi icellular living beings, of a rod-like shape, belonging to 
the 1 coor of the living world. The term is now used indis- 
crime y for the whole group of such organisms, irrespective of their 

form, ¥%ħe term bacillus being reserved for those which resemble a rod 
j ape. About fifty years ago, when scientists first turned their 

eAtion to this field of research, a somewhat heated discussion arose 
between botanists and zoologists as to whether bacteria belonged to the 
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l vegetable or the animal kingdom. The dispute šeëms to be settled 
in favour of the claims of the former, but a truce hás been arrived at | 
through the efforts of Sedillot (a French thicroscopist) who, in i 
1878, suggested the term microbe (ftom the Greek words micros small, 
and bios life), the use of which does not itiply a decision in favotir 
of either party. At present the word microbe is stil] useftil to describe i 
microscopic organisms, both vegetable and animal, or where doubts yet | 
exist as to which of the two groups should contain them. i 

A similar use is made of the term Germ which merely signifies 
some rudimentary form of living matter whether plant or animal. | 
Indeed, the dispute mentioned above is somewhät profitless, as the | 
terms plants and animals were of course used long before these simpler | 
and intermediate forms of life were discovered. It is obviously easy to | 
distinguish a cat from a cabbage, or a butterfly from a flower, but as 
we pass lower and lower down the scale it becomes more and more 
difficult and, in truth, at the very bottom, no hard and fäst lie of i 
demarcation can be drawn between the two categofies. | 

Bacteriologists are still in doubt as to whether some of the | 
organisms they deal with should be classified as animals or plants. | 
Their difficulty is further increased bý the comparatively recent dis- || 
covery of still smaller living organisms, the so-called ultra-microscopic | 
or filter passers. These organisms are so minute that they are scarcely 
visible or even quite invisible with the highest power at present avail- 
able, but their presence can be detected by the ultra-microscope; hence 
the name of ultra-microscopic applied to them (see ultra-microscope) ; 
the other name (filter passers) is derived from the fact that owing to i 
theit small size these organisms can pass through the various filters i 
which retain the larger forms. It Has been ascertained experimentally 
that the organisms in question ate the cause of certain disedses such 
as smallpox, yellow fever, and other acute infective fevers; including, 
in all probability, méasles, scarlet fever, etc. Thus, at the yi rung 


of the ladder of life, there are numerous very simple for e animal 
gradually merging with the vegetable and to denote 
simplest form, Haeckel has proposed the term Proti 
both the most primitive plants and the most prg 
Protozoa. Further details on the subject of Bac AG) 
in Chaptet VI. Ke 


ve animals or 
¥enerally are given 


Biology is the branch of Science conce, ith the structure, the i 
function and the organisation of living Bei generally. i 
i i, ite td | 

Bright’s Disease (or Nephritis). Albuminuria. The term ih 
nephritis means inflammation of the_kNdleys. | 


Bulb (spinal) or Medulla ob 
nervous. system extending fro 
containing some of the most 


a. That portion of the central 
Jyspinal cord to the cerebrum and 
‘tant vital centtes of the body. 


Cartilage or Gristle ite semi-opaque non-vascular connective 
tissue composed of a Gi containing nucleated cells which lie in 
spaces or lacunz of the trix. As do all forms of connective tissues 
cartilage yields, wh Ghoid in water, a substance called chondrin I 
which is chemicaly)kin to gelatine. Bones in thè embryo, and in 
the young, are Ce of cartilage which is gradually transformed into 
true bone (s ification). 

Cartilag curs in the adult to join the ribs together (costal car- 


tilage), tg\invest the ends of bones at the joints; it enters into the 
struct the pharynx, the larynx, the trachea or wind-pipe.. It also 
serv@y tò connect and bind the intervertebral discs of the vertebral 


N2 . Generally spëaking, it assists in binding bores together yet 
| ww | 
* | 

RO i 
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allowing a certain degree of movement; it acts as a buffer to deaden 
shocks, it reduces friction at joints, and serves to keep open and main- 
tain the shape of tubes, as in the trachea; it forms attachments for 
some muscles and ligaments. The costal or rib cartilages form an 
important part of the framework of the thorax and impart to its walls 


movements. 
Catarrh is inflammation of a mucous membrane. 


Catoptric is the branch of optics concerned with the reflection of 
light at polished surfaces. A catoptric image is an image formed by 
reflection at a surface acting as a mirror. Thus we speak of the 
catoptric corneal images, or of the catoptric lenticular images which are 
due to reflection at the corneal and lenticular surfaces respectively. 
The portion of incident light serving to form the corneal and lenticular 
catoptric images is lost so far as vision is concerned, but these images 
are made use of to ascertain the shape and curvature of the surfaces 
which give rise to them. 


Cellulifugal applies to impulses proceeding from a nervous cell in 
the central nervous system and propagated along the axon of the cell 
towards a peripheral organ. With respect to the cell considered the 
term cellulifugal is equivalent to efferent. 


Cellulipetal applies to an impulse brought to a nervous cell (via its 
dendritic processes) from some other nervous cell. Equivalent to 


afferent. 
Centres (Nerve). Nerve-cells or groups of nerve-cells devoted to 
the performance of some definite physiological function. Sensory 


centres in the cerebral cortex are the physical bases of sensations. 
Motor or Psychomotor centres in the cortex send down impulses to 
determine the contraction of certain groups of muscles and also to 


maintain the tone of muscles generally. ~\ 
Centrifugal. (See Efferent.) EAN 


Centripetal. (See Afferent.) & 


Cerebellum literally means small ey It is a mass of grey 
nervous matter sending fibres to the cere and receiving fibres from 
the body, especially the muscles, vi pinal cord. Its activities do 
not rouse consciousness and it is na) oncerned with the balancing 
and equilibrium of the body an& t co-ordination of the muscular 
action generally. 


Cerebrum. Strictly spe g the term applies to the portion of the 
cerebro-spinal system that dged in the skull cavity, but very often 
it is understood to E brain proper, i.e., the cerebral hemis- 
pheres with their ou N nvoluted surface of grey matter (the cerebral 
cortex), together the various masses of grey matter (or basal 
centres) forming\thp greater part of the mid- and end-brain and the 
association huggles of fibres (white matter) connecting the cortex and 
the basal c . The cerebral cortex governs voluntary movements 
and is t Rear basis of consciousness, will and intellectual func- 
tions. KOA centres are mostly concerned with the regulation and 
cont the numerous phenomena, the collection of which constitute 
the Dyeiological and nutritional activities of the indiyidual. The 

ellum, though located in the skull cavity, is not usually regarded 
férming part of the cerebrum (see cerebellum). 


Ò Chronic, of long duration. Opposite to acute. 


AO 
wl 


the elasticity which is necessary to the performance of respiratory 
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Classification of Living Beings. Naturalists have for a long time 
divided all the substances and organisms existing in the universe into 
three main groups, the mineral world, the vegetal world, and the 
animal world. According to Linneus, the characteristics of these three 
main groups may be summarised as follows:—Mineralia sunt (i.e., 
minerals exist), and apart from atmospheric and other chemical actions, 
they do not die in the usual sense of the term. Vegetalia sunt et 
crescunt (i.e., exist and grow), and, ultimately die. Animalia sunt, 
crescunt et sentiunt (i.e., exist, grow, feel), and, ultimately die. 

These characteristics must not be taken too literally. It is a well 
known fact that a crystal of mineral substance, e.g., a crystal of com- 
mon salt or a crystal of sulphate of copper, immersed in an aqueous 
solution of ordinary salt or of copper sulphate, gradually increases in 
size by adjunction of solid molecules derived from the solution, which 
arrange themselves on the surfaces of the original crystal in a regular 
and geometric order. This growth of a mineral crystal cannot, how- 
ever, be compared to the growth of a plant or of an animal. Again, 
sensibility, i.e., the power of responding to external stimuli, which, 
according to Linneus forms the main difference between the animal 
and the vegetal world, is not an absolute criterion. Many plants 
manifest an aptitude to react under the influence of external stimula- 
tion and have, therefore, a certain degree of sensibility. Beside the 
phenomena of Heliotropism mentioned in Chapter VII., it is a well- 
known fact that the leaves of the mimosa fold themselves on the merest 
contact of an external object. 

Other naturalists thought they had found a distinctive character 
between animals and plants in the existence of a digestive apparatus 
in the former while the latter are deprived of such organs. It has 
been ascertained, however, that certain plants, termed carnivorous or 
insectivorous, have organs which permit them to seize insects and small 
animals and to digest the animal substance, which is thus assimilated 
very much as is the case in carnivorous or insectivorous ar\mals. 

It is, however, in the matter of the relation of HESA d plants 
with the atmosphere that an antagonism has been Caj t to exist 
between the living conditions of animals and plan avoisier was 
the first to find out that a living animal absorbs ox rom the atmos- 
phere and rejects carbonic acid gas, while a «Ke plant under the 
influence of the sun absorbs carbonic acid om the atmosphere 
and rejects oxygen. Besides, the living a spends and transforms 
into heat or movement or electricity the,c ical energy stored up in 
its food and produces as a result water the form of steam, carbonic 
acid gas, and other waste products confaiing nitrogen, like urea. The 
living plant, on the other hand, r Ryes calorific and luminous energy 
from the solar radiation and b Os of its green parts stores that 
energy by production of mate ch as starch, sugar, etc. 

In fact, the chemical a which take place in plants under the 
influence of light consti Ore of the most important phenomena in 
the economy of our terr al world; without such actions, life would 
become impossible. , know that living animals constantly absorb the 
oxygen of the at re and reject carbonic acid gas and water; in 
the dark, plants re in the same way, absorbing oxygen and exhal- 
ing carbonic aĝi d water. It would seem, therefore, that our atmos- 
phere must ally lose all its oxygen and become richer in carbonic 
acid gas. Y t it is not so, and that the composition of air remains 


remar constant, are well known facts; this is due to the green 
direy atter of plants, the chlorophyll, acting: in an opposite 
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Under the influence of light, the chlorophyll decoiiposes the car- 
bonic acid gas and water of the atmosphere, fixing the carbon and 
hydrogen in the tissues of the plant in the form of glticose, starch, and 
similar bodies, and rejecting the oxygen. This function, termed the 
cHlorophyllian ftinction, cai only occur in the presence of light; it is 
light which is capable of determining the chlorophyll of the. plants to 
abandon its physiological inertid, and to perform the part assigned to 
it in vegetal life. 

We find this chlorophyllian function in the lower groups of the 
animal series; especially in Infusoria, where it presents the same 
character as in the vegetal world; but in the animal kingdom the 
action of light assumes the most varied forts, aS we have seen in 
Chapter VII. 

For the convenience of the reader who is not familiar with zoology 
we give below a brief account of the classification of animal living 
beings. 

Animals may be classified into Vertebrates (Vertebrata) and Inver- 
tebrates (Invertebrata). The name Vertebrate, which means “ jointed, hy 
refers to the possession of a jointed, bony internal axis as the main part 
of the skeleton. This jointed axis is the vertebral column or backbone. 
In the lower forms of vertebrata this axis is not so well developed and, 
in the place of it, there is a smooth, élastic cartilaginous rod which has 
been terthed the notochord (or back string). In all true vertebrate 
animals, the notochord is present at some stage of development, 
although in the higher forms it subsequently becomes surrounded and 
nearly obliterated by the jointed bony rod or vertebral column, 

Vertebrate animals are divided into: (a) Ascidians which form the 
transition between Vertebrates and Irivertebrates, a typical example of 
which is the Amphyoxus or Lancelet, a kind of worm-like creature 
living at the bottom of the sea and generally burrowing its way in the 
sand. It reaches a length of 7 or 8 mms. and has a yery simple form 
of skeleton reduced to the notochord which we find Aie embryo of all 
vertebrate animals; (b) Fishes; (c) Amphibia ick Reptiles; (e) 
Birds; and (f) Mammals. 

Invertebrate animals are those in 


whi 
Iii vertebral column is present. They are cla 
Iii (Arthtopoda), (b) Worms (Annelida), (g 
| (Echinodermata), (e) Cecelenterat; 
(Protozoa). 

Arthropodes, which include Kgstets, Crustaceans, Spiders ‘and 
Mytiapodes, have three characte Ji common. (r) The body is formed 
of segments placed one after oy other, most of these segments carrying 
a pair of articulated limbs g to locomotion. Those limbs attached 
to the anterior segi D the neighbourhood of the mouth, are 

sY 


either notochord nor 
into: (a) Arthropodes 
olluscs, (d) Echinodermes 
clenterata), (f) Protists 


especially adapted to rehension and the mastication of food. (2) 
The body is cov ernally by a thick layer of hard substance 
(chitine). which, Qov Or remains thinner and flexible at the lines of 
| ; junction of nO varfOus segments, in order to permit free movement of 
| the body. 1 hitinotis layer derives from thë simple epidermic layer 
| which See body of the young and gradually thickens and hardens 
by mutt da ion of its cells. The outermost surface of the chitinous 

enve frequently impregnated by calcareous matter which increases 

ote ing power; such is thé case in the crayfish. (3) The rigidity 


ofathe chitinous envelope would necessarily prevent the growth of the 

1! and it is for this reason that, during the period of development, 
tHe external and harder part of the éhvelope is periodically shed off, 
the envelope being then reduced to its soft and flexible internal layer; 
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it is during this period of softening that the growth of the animal takes 
place: Then, the original envelope is formed again by multiplication 
and hardening of the cells of the internal layers and the growth remains 
stationary till the next period of shedding occurs. 

The class of Arthropodes includes Insects, Crustaceans, Spiders and 
Myriapodes. 

In insects, the body is made of a number of segments in which 
three parts atë very distinctly seen, namely, the head, the thorax afid 
the abdomen. The head made of a single piece, carries the mouth, the 
eyes and five pairs of articulated limbs; the first pair, on the front, 
constitutes the antennz or feelers, which Serve as organs of tactile 
sensibility and as olfactory organs; the other four pairs surround the 
mouth and serve to the prehension and the mastication of food. The 
thorax consists of three segments, each of which has a pair of articu- 
lated legs on the lower surface, while the two posterior ones have, in 
addition, a pair of wings each on their upper surface. The abdomen 
is made of a variable number of segments (from eleven to five) 
strongly attached to each other. It does not carry any limb but is 
perforated on either side by openings through which air is- supplied 
to the respiratory organ. In some species (wasp, bee) the end part 
of the abdomen is fitted with a process or sting by means of which the 
insect may instil the poison elaborated in some special form of race- 
mose glands. 

The Crustaceans are characterised by an immovable junction of the 
head and thorax which thus form a single piece, the cephalo-thorax, 
usually covered by a strong chitinous or calcareous envelope also made 
of a single piece. The abdomen is made of a number of segments like 
those of insects. Beside the antennz the cephalo-thorax is fitted with 
a number of articulated legs; there are five pairs in the lobster and 
the crayfish, the front pair being much more developed than the others. 

In spiders the body is made of a cephalo-thorax and an abdomen 
generally separated by a narrowing. Four pairs of ee fitted to 
the cephalo-thorax. The front part of the head cartigg\two pairs of 
articulated processes, one pair serving to the prehen and mastica- 
tion of food, the other giving passage to the poiso reted by poison 
glands which serve to the animal to kill its pre 


The Myriapodes (or Centipedes ot Millip have an elongated - 


number of segments, each of which car pair of articulated legs 
and all of which are similar to each oer o that there is no possible 
distinction between the thorax and th omen as is the case in other 
Arthropodes. The head carries, like t of insects, five pairs of articu- 
lated limbs, one of which (the One) serves as an organ of tactile 
sensibility, the other four Re und the mouth constituting organs 


body, the anterior part of which, the h o) followed by a great 
A 


for the prehension and ma on of food. 

The class of Worms elida) includes an immense variety of 
forms, the common chfra of which is that the body is made of a 
number of segments jo to each other (as can be seen in the leech 
and the earthworm aie segments do not carry any articulated limbs 
and the body ge y is covered by a soft envelope without trace of 
chitinous or ¢ ous formation. The general arrangement of the 
Serving to digestion, respiration, circulation, etc., 


various or AS 
presents SS ifferences according to the conditions of life of the 
animal ghasidered. Some are aquatic; some others live in the ground 
(eart ) and numerous species live in a parasitic state in the body 
of S other animal (e.g:, the tapeworm). The molluscs are inverte- 
G 


nimals in which no segmentation is apparent, as is the case in 
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arthropodes, and whose body is protected by a calcareous shell made 
of a single piece (snail) or of two pieces or valves (oyster). Molluscs 
are sub-divided into: (a) Cephalopodes (cuttle fish; octopus) in which 
a variable number of fleshy processes or tentacles fitted with suckers 
surround the head. (b) Gasteropodes (snail) in which the shell is 
made of a single piece, more or less convoluted and the lower part of 
the body is produced into a roughly triangular muscular outgrowth 
called the foot on which the animal crawls. The dome-like dorsal part 
of the body containing the chief viscera is well protected by the shell. 
The walls on either side of the body are produced into free folds, the 
pair of which makes up the mantle. 

(c) Lamellibranches, represented by the mussel and the oyster, are 
also called acephale because they have no distinct head, or bi-valves, 
as their shell is made of two halves or valves the animal can open or 
close at will. 

The Echinodermes, including the starfish and the sea-urchins are 
all living in sea water. Their body is protected by plates of calcareous 
matter and by hard pricking processes. 

The Ccelenterates, represented by the hydra, the medusa, the sea 
anemone, the jelly fish, etc., constitute the lowest class of living beings 
whose body is made of a collection of cells. This body consists of a 
sac with a single opening to enable nutriment to enter it. They are 
mostly sea animals and are usually fixed to rocks, some, like the sea 
anemone, living singly, while others, like corals, form colonies. The 
class of Protists (Protozoa) are on the borderland between the animal 
and the vegetal world. They are reduced to a single cell and are 
represented by the amoeba we have described in Chapter II. Fuller 
particulars on the subject of Protozoa will be found under the headings 
of Bacterium and Ultra-microscope. 

It must be understood that this classification has no pretention 
to be complete, and is merely intended as a rough guide to the relative 
position of living beings in the zoological scale. 


Commissure (from the Latin com, together, 
Anything which unites two parts. We have a 
the white commissures of the spinal cord 
callosum, a bundle of fibres forming a Prigg 
cerebral hemispheres. Q 


also to the corpus 
hich connects the two 


rth. 


Consciousness. Personal PROE or awareness of one’s body 
and of the surrounding world niy resulting from perception and 
sensations. Consciousness mig be defined as the totality of mental 
occurrences such as RON notions and memories. 

` 


Cord (Spinal). The Qwest or hind part of the cerebro-spinal 
system which is lodge the central canal of the vertebral column 
y 


and is connected with the brain proper or cerebrum by the 


Congenital. A condition existin 


bulb or medulla ie ata. The cord receives nerves from all parts of 
the body, TAA nerves to all parts and possesses in its grey matter 
a number of Saipe ae 

Pasha, OS y deep layer of the skin and of the mucous 


mem 

N ifugal. The suffix ‘“‘ fugal’’ means away from. The term 

cortiNugal applies to a nervous impulse transmitted from the cerebral 

cOktgx towards some peripheral part or organ. It is, in fact, equivalent 
centrifugal or efferent. 


f 
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Coryza is catarrh of the mucous membrane of the nasal air 
passages and adjacent sinuses or air cells, popularly called ‘‘ cold in 
the head.” 


Crepuscular Vision. See Diurnal Vision. 


Decussation. This term denotes an x-shaped crossing, especially 
of symmetrical parts, as nerve fibres or nerve tracts. The principal 
decussations we are concerned with are (a) the complete decussation 
of the lateral pyramidal tracts of the spinal cord which cross in the 
bulb, from which they are distributed to the cerebral hemispheres. It 
follows that a lesion in one of the hemispheres of the brain will cause 
paralysis of the limbs on the opposite side of the body; (b) the optic 
chiasma or partial crossing of the fibres of the two optic nerves. 
Beyond the chiasma the optic nerve fibres form the optic tracts, each 
of which contains fibres proceeding from the eye on the same side 
and fibres proceeding from the eye on the other side. 


Diabetis. A nutritional disease characterised by the -habitual dis- 
charge of an excessive quantity of urine containing sugar; there is 
usually intense thirst, with voracious appetite, progressive loss of flesh 
and strength and a tendency to fatal termination. 


Diapedesis. The passage of the blood through the unruptured 
blood-vessel walls. 


Diurnal Vision is the kind of visiontaking place in ordinary daylight 
or in artificial light having the average intensity of ordinary daylight. 
The term is used by contradistinction with nocturnal or more exactly 
crepuscular vision which occurs in animals of nocturnal habits, like the 
owl. It should be understood there is really no such thing as true 
nocturnal vision, i.e., vision in absolute darkness, since the necessary 
condition for external objects to be seen is that they emit or reflect 
rays of light which can reach the eye. Animals with diurnal vision 
can see objects if these objects are sufficiently illuminated, whereas 
animals with crepuscular vision can see objects emi yn amount 
of light which could not be perceived by those with gial vision. It 
follows, therefore, that the difference between these kinds of vision 
fundamentally depends on the sensibility of ti etina to varying 
degrees of illumination, i.e., on what is call è light sense of the 
individual considered. In animals with Q ular vision, the light 
sense is highly developed and the retina į istated by an amount of 
light which would be insufficient to R n the retina of an animal 
of diurnal habits. 


Diverticulum. A small S sac springing from a main 


structure 

Efferent means caning GD In the case of nerve fibres the 
term applies to those TA ich transmit impulses from the brain 
centres to the peripher T ns, chiefly the muscles. It is equivalent 
to centrifugal and is T replaced by the term motor, though this 
is not strictly correst stnce all efferent fibres are not distributed to 
muscles but may * in other organs, e.g., a gland, the secretion of 


which is stimula€ey by the impulse brought to it through an efferent 

fibre. N 
Emin is a condition in which there is air (or some other 
rmally airless tissues or again in which there is an excess 


gas) in 
i ai sucs normally containing a certain quantity of it. Cutaneous 
voki is due to the presence of air in the loose connective tissue 


bee th the skin. 
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| Eimpyema means a collection of pus in a cavity of the body (e. g” 


the pleural cavity) oF a similar collection which burrows its way in 
various other parts, for instance, the subcutaneous tissue. 


Endothelium. The lining membrane of serous; synovial and other 


internal surfaces. The term may be regarded as equivalent to internal 


epithelium. Thus, we call corneal endothelium the thin layer covering 
the internal surface of the cornea and separating this structure from 
the aqueous fluid. 


Energy. The capability of producing work. A stone on the 
ground does not exhibit any existing energy, but if carried to the roof 
of a house and allowed to drop to the ground, it may produce 
mechanical work in bredking an object on which it falls, or it may 
penetrate mote or less deeply into the ground, or again, if the surface 
of the ground oti which it falls is sufficiently hard, the stone suddenly 
arrested in its fall exhibits an increase in its temperature. Thus by the 
act of carrying the stone to a high level, which implies work applied to 
it, it acquires by reason of its position what is called potential energy 
the amount of which is strictly equivalent to the work spent to carry 
it to its position on the roof of the house. If the stone is allowed to 
fall from its raised position it gives up its energy, as shown by the 
mechanical work it does or by the heat it has acquired. 


The amount of heat produced by the stone,striking the hard ground 
is necessatily small and difficult to appreciate, but everybody knows 
that if a bullet is fired from a gun and strikes a plate of hard steel; the 
bullet, suddenly arrested in its journey through space, may become red- 
kot. The energy stored up in the form of potential energy in the 
explosive used to propel the projectile is transformed into heat. Had 
the steel plate been less hard, a portion of the energy catried by the 
bullet would have been spent in penetrating more or less deeply into 
the plate, i.e., would have been partly transformed into mechanical 
work. 

Any moving body thus possesses what is called €iftic energy and 
this energy, which is equal to the energy spent i ting the body in 
motion, can be made manifest by producing anical work or by 
an increase of temperature. 

The notion of energy and the law o x Gye etc of energy are 
the leading principles forming the keysta, Poder physical science. 
The conception of energy, detived in Liss) ‘st instance from the ability 
of the muscles of the body to do tical work, received a quanti- 
tative definition from a considegatton of the work done in simple 
mechanical instances. When a ight has to be raised the effort 
involved depends both on tl nagnitude of the weight and on the 
height through which it h o be raised. If we set the effort as 


being proportional to e C) hese quantities; the proper measure of 
it becomes the BEN ne weight by the height; this, product may 
be described as the spent to raise the weight or as the work done 
by the. weight if Aged to fall back in its original position. The 
accuracy of ‘this de of reckoning is borne out by many facts. 

If the ac of some simple mechanical device like a lever or a 
carefully studied, it is found easy to arrange that a 
y falling shall raise a larger one, but it can be seen that 
Weighi has to descend through a distance greater in pro- 


por o that really the machine used is incapable of giving out 
> than is put into it, work being defined as above: Heñce, 

h a machine may render the work more convenient in form, it 
es necessary to make the same effort, i.e., to spend the sdme 


a 
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amount of energy in lifting the weight as without the machine. This 
result was found to be general and to apply to all machines, but in the 
search after an exact conception of this thing that appears to be 
unchanged in mechanical actions, a difficulty arose. While it was not 
possible to get more work out of a machine than was put into it by 
any ingenuity of arrangement, actually machines gave out somewhat 
less work than was put into them. This loss of work is easily traced 
to the imperfections of the machines, friction being the chief mechanical 
imperfection. If, however, the loss of work could not be traced 
further, the conception of energy would be of little use, but it has been 
found that whenever friction occurs in a machine heat is produced, 
and this has led scientists to look for the lost work in a production of 
heat. It results from the researches of Rumford (1800) and of Joule 
(1840) that when heat is produced by an expenditure of work, the 
quantity of heat evolved is in strict proportion to the work spent. 
Further, it was found that work can be produced by the expenditure 
of heat, as is obyious from the action of a steam engine where the 
heat of the furnace is the direct cause of the ability of ‘the machine to 
do work. Finally, it was proved that heat and mechanical work are 
interchangeable quantities measurable in terms of a common unit and 
may be regarded as merely two aspects of a common quantity, namely, 
energy. If we add to this the fact that many other forms of energy 
are known which may be converted into mechanical work and back 
again (e.g., the energy of a compressed gas, of a bent spring, of an 
electric current, of chemical affinity, and so on), we arrive at the con- 
ception of energy as a common reality underlying these various 
phenomena and binding them together, as a quantity remaining fixed 
and merely passing from one of its forms into another in all the 
phenomena of the physical world. This is the law of conservation of 
energy which may now be regarded as an axiom pervading all 
phenomena of modern science. 


Enophthalmia (or Enophthalmos). Recession or Na of the 


eyeball into the orbit. It is often observed after ebilitating 
diseases when the store of orbital fat has been used the purpose 
of nutrition and is no longer sufficient to maintathe eye in its 


normal condition. 


Eumatria. The exact amount of muscule Mort to be put forth 
to accomplish a certain result. 


Evolution. Strictly speaking, Evo is the process of develop- 
ing from a simple to a complex, PA 1, and more perfect form. 
(See Ontogeny and Philogeny). 


Exophthalmic goitre (or Gra oes A disease characterised 
by cardiac palpitations, goitre a@yxophthalmia, the palpitations being 
usually the initial sympto 


Exophthalmos (or Ex almia). Abnormal protrusion of the eye- 
ball which may be dge the mechanical action of an intraorbital 
tumour or by an row e development of the fat filling the retro- 
bulbar part of thah 

blood vesa Nnaterial which has passed through the walls of 
the RNS into the adjacent tissues. 

Flex uN S bending. The cervical or cephalic flexure is the 
arching. Qver the front part of the embryo brain. 

ck. The term generally applies to a small lymphatic gland 
Q issue of which is arranged in the form of a little sac, and also to a 
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single and small tubular gland. A hair follicle is a glandular sac from 
which the hair grows by proliferation of the cells lining the inner 
surface of the sac. Removal of a hair (epilation) without destruction 
of the hair follicle will be followed by the growth of a new hair. At 
the root or follicle of each hair a sebaceous gland is found, the duct 
of which empties the fatty secretion of the gland in or about the hair 
follicle itself. 


Fossil. Literally—a thing dried up. The term applies to any 
organic body living in prehistoric times which, being buried in the 
ground, has been preserved to a more or less complete extent. 

Fundus. The appearance of the internal surface of the posterior 
part of the eyeball when viewed with the ophthalmoscope. 


Ganglion. In connection with our work, the term applies to a 
well defined collection of nerve cells forming a subsidiary nerve centre. 
We have alluded to the ganglion on the posterior root of each spinal 
nerve (page 44) and to the ophthalmic ganglion (page 322). 

Genus, a Latin word denoting a species or collection of species 
having in common characteristics differing greatly from those of other 
species. 

Grave’s Disease. (See Exophthalmic goitre.) 


Hemiplegia. Commonly called a stroke. Paralysis of one side of 
the body usually due to an extensive lesion of the cerebral cortex or 
a lesion of the cerebral peduncles, the pons or the bulb (i.e., the upper 
part of the spinal cord). If in the brain, the lesion occurs on the side 
opposite to the paralysis. 


Homologous. Having a similar structure; of the same make-up. 


Homology. Correspondence in structure either directly or as 
referred to a fundamental type. Thus we speak of the homology of the 
upper limb and the lower limb, the thigh corresponding to the upper 
arm, the leg to the forearm and the foot to the han 


Hemorrhage (or Hemorrhage) is an escape bfood from the 
blood-vessels into the surrounding tissues, either iapedesis through 
intact walls, or by rupture of the walls of shed sree 

S 


Hyaloid generally means transparen @ -like. The hyaloid 
membrane is the delicate transparent F rane surrounding the 


vitreous humour. O 
Hydra—a small fresh water ai belonging to the same class 


as Sponges, Jelly-fish, Sea Ane , etc., i.e, to the class termed 
Coelenterates (Coelenterata). e&Classification of Living Beings.) 
Hyperplasia. Excessive ation of tissue; an increase in the size 
of a tissue or an organ to an increase in the number of the 
anatomical elements (c bres). 
Imbibition. G fy speaking the term applies to the act of 
sucking up moistu&e. J It is commonly used in a more restricted way 


and denotes the ggssage through the thin walls of the capillary vessels 


of the liquid f the blood which thus exudes into the surrounding 
tissues and ides to their nutrition. In its physiologic sense the 
tally equivalent to osmosis. 


term is pf 
N Nn means in a general way, a restraint or the act of check- 
ing oł restraining. (Synonymous with Frenator). 


nvercalar. A part placed or inserted between two existing parts. 
Iridodonesis. A trembling of the iris. 
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Iridodyalisis. Separation of the iris from its attachment to the 
ciliary body. 

Irritability. . The property or power of a iiving cell of responding 
to a stimulus. 

Lamella—a thin scale or plate. We have alluded to the lamellæ in 
the form of concentric rings surrounding the Haversian canals of bones. 


Lamellar. Having the nature of or resembling a thin plate, or 
again, a structure composed of lameilz or thin layers, e.g., the 
lamellæ of the substantia propria of the cornea, or the concentric 
laminæ constituting the crystalline lens. 


Lamina—a single thin plate or layer. The lamina vitrea is the 
thin vitreous or glass-like structureless membrane covering the inner 
surface of the choroid and separating this structure from the retina; 
it is often called the membrane of Bruch. 


Larva. The first condition of an insect as it is issuing from the 
egg, usually in the form of a grub or caterpillar. 


Larynx. The upper part of the wind-pipe or trachea differentiated 
for the production of the voice. It is a cartilaginous structure, the 
fundamental part of which consists of two prominent processes of the 
mucous membrane lining it (the vocal cords) which are stretched 
across the larynx cavity and are capable of vibrating under the action 
of a current of air proceeding from the lungs. 


Law. A law is a generalised statement of facts, a general rule or 
constant mode of action of forces or phenomena. The two main laws 
which form the basis of physical science, in the broadest sense of the 
term, are the Law of Indestructibility of Matter and the Law of Con- 
servation of Energy. We can transform matter from one form into 
another but we cannot destroy it. For instance, when a piece of coal 
is burnt it apparently disappears, leaving a slight residue of mineral 
incombustible matter or ashes, but the coal has not ‘othe appeared ; 
it has entered into a combination with the oxygen of we mosphere 
to form carbonic acid gas and a careful analysis show the amount 
of carbon existing in the original piece of coal i ciation with a 
variable amount of incombustible material (rem&jing as ashes) i 
found in the carbonic acid gas which is the ~ of the oxydation or 
combustion of the carbon. The Law of W vation of Energy is 


dealt with under the heading of Energy. AO 

The Law of Topographic Homolo lies to the situation in a 
section of the optic nerve of the fib Res from the various 
parts of the retina; it expresses the QQ: that the different regions of 
the retina correspond, point by S to the corresponding regions of 


the transversal section of the nerve on the same side and of the 
optic tract on the opposite gi us, the external region of the right 
retina sends its fibres to Nester part of the right optic nerve 
and to the internal p the left optic tract. The only apparent 
exception is that of th pillo-macular bundle which, on leaving the 
globe, occupies the igfero-external part of the optic nerve exactly as in 
the retina the pdeprccuties the infero-external portion of the mem- 
brane. Howe he papillo-macular bundle soon passes into the 
central par. ie nerve and keeps this position in the nerve, the 
chiasma a Ns tract. The Law of Topographic Homology applies 
to the whol® of the visual path as is explained in Chapters XIII. 


ment. A ligament is a band of flexible, compact, connective 


i 
so uniting the articular ends of bones in a joint and sometimes 
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enclosing them in a capsule. The pectinate ligament which has been 
fully described in page 200 is the spongy tissue at the junction of the 
cornea and sclerotic. It forms the root of the iris and the spaces or 
meshes in it constitute what we have termed the filtration angle. 


Locomotor Ataxia. (See Ataxia). 


Matter denotes that of which all things are made, or, in other 
words, it means all things we can recognise or perceive by our sense- 
organs. It is a well known fact that matter in mass, i.e., in large 
pieces, may occur in solid or liquid or gaseous form. Further, any 
| mass or piece of matter is made up of very small particles called mole- 
cules and, in their turn, molecules are made of atoms. 

The divisibility of matter has been much discussed by philosophers, 
and as far back as the time of Lucretius it had been recognised that 
this divisibility is limited. Thus, if we take a piece of common salt, 
we can break it into smaller and smaller bits and though, theoretically, 
this process of breaking could be carried out indefinitely, yet chemical 
researches show, in an absolutely certain manner, that by successive 
division we can arrive at the smallest possible particle having in itself 
all the properties of common salt. This smallest particle of salt is 
what we call the molecule. Of course, we cannot expect to see a mole- 
cule even with the most powerful microscope, but we can arrive at 
_ the notion of the molecule in other ways. By purely mechanical means 
| we can divide a bit of common salt until we reach a particle nearly 
| 1-4,000th of a millimetre in diameter, which is about the smallest size 
of anything visible under the microscope. We have good reasons for 
| believing that such a small particle possesses all the known qualities 
of salt. But we can go farther and dissolve a small amount of salt 
| in water; no microscope will then show any visible part in the solution 
| though each drop of the solution would taste ‘“‘ salt ° and exhibit all 
the chemical properties of salt. Moreover, by evaporation or boiling 
| up of the water,- we can recover the salt unadulterate Hence we can 
| conclude that when in solution the salt is divided in avticles of ultra- 
| microscopic size we call molecules. Hence, ther@/js a certain small 
| mass of salt, the molecule, which is the least ible mass exhibiting 
| all the properties of common salt. 
| By chemical means, however, we c Qi that the molecule of 
| common salt is made of two other ances, namely, a green 
poisonous gas (chlorine) and a soft tà called sodium. It is for 
this reason that common salt is Ke sodium chloride. 

The word molecule is derive m the Latin and means a small 
| mass or quantity. There are ipythe universe various substances (nearly 
| go in all) which have never resolved or decomposed into any other 
substances, and these are elements. The smallest possible quan- 
| tity or mass of any el which can exist as such and exhibit all 
the properties of the stance considered is called an atom of it. 
Hence,. the molecu $ complex substances are built up of atoms held 
together so as t m similar bunches or groups, In certain very 
simple compo EAR. bstances, like ordinary salt, the molecule may con- 
| sist of only dissimilar atoms, but in organic substances, like 
| albumin, +f oils, starch, etc., the molecules may contain many 

scores ms. 

N in elements, such as hydrogen or oxygen, the constituent 
molecdles contain two similar atoms held together. The fact that 
s efinite units called atoms exist in the molecule of the various 

oy ients is supported by the three fundamental laws of chemistry, 
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namely, the law of definite proportion, the law of relative proportion, 
and the law of multiple proportion. We cannot enter into details in the 
subject of these laws, and refer the reader to any modern text-book 
on Chemistry. 

In ancient times, scientists thought that there were four elements, 
namely, earth, fire, air and water; it is known now that none of these 
is really an element according to the definition given above. 

The various elements have different chemical powers, i.e., when 
they combine with each other, they have different capacities. Thus, 
hydrogen is an element with the lowest combining power which is 
generally taken as being unity. Oxygen, compared with hydrogen, has 
twice the combining power of the latter and its power is therefore 
represented by two. Carbon has a combining power represented by 
four, and so on. If we think of an atom of hydrogen as a minute ball 
fitted with a single hook, we must think of the atom of oxygen as a 
ball with two hooks and of the atom of carbon as a ball with four 
hooks. 

On combining an atom of oxygen with two atoms of hydrogen, 
the two hooks of the former being linked with the single hook of each 
atom of hydrogen, we arrive at the molecule of water, chemically 
represented by H,O. 

Likewise, a single atom of carbon with four hooks can be linked 
with four separate atoms of hydrogen, giving rise to the compound 
called methane, the constitution of which is represented by CH*. Or 
again, a single atom of carbon (with four hooks) can be linked with 
two separate atoms of oxygen each of which has two hooks, the result 
of the combination being carbon dioxide or carbonic acid gas CO,. 

This rough comparison explains what is termed the valency of each 
element. The atom of hydrogen is monovalent since it can be regarded 
as a ball with one hook; the atom of oxygen is bivalent, that of carbon 
tetravalent. 

As regards the size of atoms and molecules, there åre various 
lines of argument leading to the conclusion that, rough king, the 
size of an atom is of the order of one hundred millj of a centi- 
metre, which means that if a million atoms were ed in contact 
like a row of marbles they would only occupy a Ifpyth of 1-10th of a 
millimetre, or less than the thickness of the est sheet of tissue 
paper. To count this million would take t a week, counting 
without stopping, day and night. en c persons are apt to 
imagine that such figures are mere guesgw¥cl¥, but such is not the case, 
and it is possible, by various methodsNnto the details of which we 
cannot go, to count the number of Oa in, say, a cubic inch of 
air with as close an approximatig®,to truth as we can reckon the 
number of men, women and ng in Great Britain by a census 
taken at any fixed date. Q) 

An approximate measu t of atomic diameter is derived from 
the study of thin film arious kinds. A skilled gold beater can 
beat out one ounce of Gy until it covers an area of 240 square feet. 
The thickness of the gold sheet would then be about four millionths of 
an inch or one six @ tnousandths of a millimetre, or one sixteenth 
of a micron. (Se€Picron and other units for the measurement of very 
small lengthg: eS 

It is ratively easy to prepare gold leaf the thickness of 
which is N enth of a micron. Such leaf when held up to the light 
appears sitransparent and transmits green light. This gold leaf 
has Oe r, several hundred layers of atoms, probably 300 to 500. 
Wespen prepare thinner films of soapy water. If a soap bubble is 
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blown with a tube or, still better, if a metal ring is filled with a soap 
film by dipping it into the soapy mixture, and this film is placed in 
a dust free glass box in a vertical position, the film begins to thin 
away by drainage from the top part. Presently, we will notice in it 
small round black spots which look like holes but are not holes since 
in proper position we can see an image of a bright object, say, the sun, 
formed by reflection at the surface of the so-called hole. It is possible 
by various ways to measure the thickness of the film in these black 
spots. It is found to be about 6o A.U. or six thousandths of a micron. 
Yet the film must be of a thickness equal to the diameter of several 
atoms. The late Lord Rayleigh measured the thickness of still thinner 
films of oil floating on water and found it to be about 20 A.U. More 
recently, Devaux produced films of oil on water of about half the above 
thickness, i.e., 10 A.U., and he came to the conclusion that this film 
was probably due to a single layer of molecules of oil. This, and 
many similar results obtained in other ways, led to the conclusion that 
molecular diameters must be of the order of one hundred millionth of 
a centimetre or from one to five times the size just stated. 


Medulla. The term is used in different ways. It denotes the 
portion of the cerebro-spinal centres between the spinal cord and the 
brain proper (medulla oblongata or bulb). It is also occasionally 
applied to the marrow of bones. In connection with our work the 
term is chiefly used to denote the insulating coating of the cylinder- 
axis of a nerve fibre, this coating being made of a white, highly reflect- 
ing substance termed myelin. 


Metabolism. The group of phenomena whereby living beings 
transform foodstuffs into complex tissue elements (constructive meta- 
bolism or assimilation or anabolism) and convert complex substances 
into simple ones in the production of energy (destructive metabolism 
or disassimilation or katabolism). 


Mimicry (literally imitation). It frequently a amongst 
animals, that a particular species is found to re in outwards 
appearance not its own immediate allies, but other unrelated 
form. For instance, a special form of butterfly N$E in South America 
shows remarkable resemblance to another foray’ The latter possesses 
an offensive smell and taste which ren it obnoxious to insec- 
tivorous animals, and it is probable tha resemblance between the 
former and the latter is calculated CY eans of protection. To this 
kind of protective resemblance, R - mimicry has been applied. 
The white fur of the foxes, bearsXetc., living in Arctic snow-covered 
countries, is also no doubt a i iien Co bias of mimicry intended to render 
the animals less conspicuous t@potential enemies, though it may partly 
be accounted for as being ans of defence against the insufficiency 


of the solar radiations Qy 
Molluscs (ollus N nstitute a large series of invertebrate animals 
including such fo b snails, slugs, oysters and mussels, together — 
with the different ‘spécies of cuttle fish. They differ from arthropodes 
‘and worms absence of segmentation of the body, and by the 
fact that mo them have an outside shell made of one or two valves 
serving a lotection, a kind of outer skeleton. (See Classification). 
I Q In physiological and medical work the term monster 
MN an individual who, by reason’ of congenital faulty develop- 
m is incapable of properly performing the vital functions or who, 
to an excess or a deficiency in the development of some parts 
ofthe body, differs in a marked degree from the normal type of the 


pecies. 
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Morphology. The branch of science concerned with the study of 
the form and structure of living beings. 


Myelin. (See Medulla.) 


Natural Selection is one of the factors bearing on the evolution of 
living beings generally. To explain the numerous forms of animal 
species which have succeeded each other during the various geological 
periods and have given rise to those species actually in existence, 
there are only two possible theories. The first is that all living beings 
are due to the Creator and perpetuate themselves while keeping their 
primitive characteristics. This theory, which is termed the theory of 
fixed species, has mostly been supported by Cuvier. According to the 
second theory, the various animal and vegetal species existing at 
present derive from more ancient and simpler forms which, in the 
course of centuries, have undergone gradual transformations; the 
starting point of all living beings existing at present is the simplest 
form of living cells, represented by the amoeba and several other 
unicellular organisms. . This second theory is called Evolution or 
Transformism, and more often Darwinism, from the name of the 
scientist (Darwin) who gave a clear account of it in his immortal 
book on the Origin of Species (1859). The basis of the evolution 
theory had been advanced before Darwin by several scientists, especially 
Lamarck and Geoffrey Saint-Hilaire (about 1794) but it was not 
generally accepted by the scientific public of the time whose mind was 
badly prepared for such a brilliant conception and was greatly influ- 
enced by the arguments advanced by Cuvier in defence of his theory 
of the fixity of species. 

The main factors in Evolution are: (a) The adaptation of organs 
to surrounding circumstances, with the consequent use of certain 
organs and the disuse of other ones which have become useless in the 
circumstances in which the living being is placed; (b) the struggle 
for life or natural selection. Darwin has borrowed t Vinci of 
this theory from the English economist, Malthus, At ording to 
Malthus, if a human community lives in a limited country, the 
number of living persons increases in geometric ogression while 
the quantity of substance necessary to keep t alive and derived 
from the soil only increases in arithmetica portion. It follows 
that, after a number of generations, the ation will be too great 
for the quantity of nutritive matter at th isposal. When this stage 
is reached a true struggle is bound t& octur between individuals for 
the sharing of the food; those who, O any reason, are weaker than 
others and less apt to procure thei sħáre of food or are less resisting 
to various causes of destruction , enemies, parasites, climatic con- 
ditions, etc.) are bound: to dis r, while the strongest, more resist- 
ing, and better fitted for tl w Ssle for life will survive: This is an 
instance of natural selecti AN ccording to Darwin, this selection plays 
its part in the series Oai generations and only allows the 
more robust Se iee Ge. survive, those who are more apt to live in 
the condition of Oo. and adapt themselves best to the sur- 

S 


rounding circum s.. Fhose species which have disappeared as the 
result of the s e for life are often found in the state of fossils. 
+ 
NecrongyX’ The examination of a dead body. Equivalent to 
autopsy O $t-mortem examination. 


Neerasis (from the Greek necros, meaning death). Death of cells 
TOO by living tissues. Necrosis proper refers to death in mass; 
nepxobtosis, to death of individual cells. Amongst: the causes of 
sis are: direct injury, obstruction of the circulation, and loss of 
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nutrition. Necrosed tissues may be absorbed, retained or thrown off. 
The dead tissue is called sequestrum in the case of bone, and sphacelus 
or slough in the case of soft parts (e.g., the slough of a boil or 
furuncle, i.e., of a localised inflammation of the skin and subcutaneous 
tissue attended by the formation of pus). 


Necrotic. Pertaining to, or characterised by, necrosis. 
Nephritis. (See Albuminuria.) 
Neuraxon. (See Axis-Cylinder.) 


Neuritis means inflammation of a nerve. Optic neuritis is inflam- 
mation of the optic nerve. Multiple neuritis is the result of simul- 
taneous inflammation of several nerve trunks usually symmetrically 
situated on both sides of the body. 


Neuroglia (or nerve-glue) is a tissue, of ectodermic origin, , which 
forms the basis of the supporting frame work of the true nervous 
elements (nerve cells and nerve fibres) in the cerebro-spinal centres 
and in some sensory epithelia, e.g., the retina. It consists of peculiar 
small cells having many fine branched and wavy processes. 


Neuron. ‘The histological and functional unit of the nervous 
system. A neuron consists of a nerve cell with all its processes, 
namely, the dendritic or branched processes and the axon which does 
not branch and is continued into the cylinder-axis of a nerve fibre. 
Neurons are joined together not by material continuity but by con- 
tiguity. If we imagine the branches of two adjacent trees freely inter- 
mingling we have a rough picture of the interconnection of two neurons. 
When the dendrites of a neuron form a network in close proximity 
to, or even surround the body of an adjacent neuron, this network 
which insures contiguity but not structural continuity, is called an 
arborisation or a synapse. Thus, in the retina the first visual neuron 
consists of a cellular body, the rod-granule or cone-granule, the outer 


protoplasmic process of which is differentiated so o assume the 
form of a rod or a cone. The axon of the cell SgNgidected inwards 
constituting the rod-fibre or the cone-fibre and Pj in the terminal 
knob for a rod and in the cone-foot for a c This first retinal 
neuron is followed by a second one in wh} e cellular body is a 
bipolar cell the outer processes of which an arborisation or a 


synapse with the terminal knob or the T) cot of the previous neuron 
according as the bipolar cell consider d } elated to a retinal rod or a 
retinal cone. The third visual neun ¥fartly retinal, partly orbital and 


partly intercerebral) has a gangl cell as cellular body. The den- 
drites or outer processes of these ¥ells form synapses in the same way 
as stated above with the ax the corresponding bipolar cell, while 


which ends in the pri iSual centre, namely, the external genicu- 


the axon of each ae 1 is continued into an optic nerve fibre 


late body. 
The main poi ear in mind is that the various neurons are 
not in structural nuity but this does not prevent the physiological 


continuity that necessary to the transmission of nervous impulses. 
mparison, we could assimilate the synapse of neurons 
s when an electric current is transmitted, not by a 
ire, but by a metallic chain; though there is not con- 


metal, yet the current is transmitted through the mere 


to what 
continu 


ow 
contiguNy of the various links of the chain. 


ne) togeny. The study of the development of man or. of any type 
nimal as an individual organism. The term is practically synony- 
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Osmosis (endosmosis and exosmosis) generally denotes the passage 
of a liquid through a porous wall or membrane from without inwards 
and from inside outwards respectively. 


Ossification. The formation of bone from pre-existing cartilage. 


Paleontology. The branch of natural science devoted to the study 
of ancient living beings (now extinct) or of fossils. 


Paralysis. A loss of motion or of sensation in a part of the body. 


Paresis. A slight paralysis, i.e., a partial loss of motion or of 
sensation in a part of the body. 


Pathogenic or Pathogenetic is the term used to denote any process 
causing disease. 


Pathology is the branch of medical science which is concerned with 
the modifications of functions and the changes in structure caused by 
disease. 


Pelvis. The ring formed by the bones (ischium, ilium and pubis) 
which are articulated to the lower part of the vertebral column and 
constitute together what is often termed the hip bone. The ilium has 
a hollowed cup-like cavity, the acetabulum, which lodges the head 
of the femur or thigh bone, the whole arrangement constituting the 
hip joint. 

Pharynx. The part of the alimentary canal between the palate or 
the mouth and the csophagus or gullet. It serves as an air passage 
from the nasal cavities and the mouth to the larynx in addition to 
being a food passage from the mouth to the gullet. 

The pharynx or the back of the mouth is an irregular cavity 5 or 
6 cms. wide and about ro cms. long, into the front part of which the 
two nasal cavities and the trachea (or windpipe) open while the gullet 
or cesophagus opens farther back and carries the food into the stomach. 

It is important to understand how the food as it swallowed 
passes into the gullet and escapes the orifices of the ai X ges. The 
upper part of the windpipe, i.e., the larynx, is fitt vith a vertical 
cartilaginous membrane situated at the posterior e the tongue and 
called the epiglottis. Moreover, another membr muscular nature, 
the soft palate or velum, forms the roof of endebiyns and closes the 
openings of the nasal cavities. The midg he soft palate is pro- 
longed into a little hanging structure cafe) dj Me uvula. The sides of 
the soft palate skirt the passage and foe double muscular pillar, the 
fauces, between which the tonsils ar ated, one on each side. The 
food masticated in the mouth is colléeed into a small soft ball which 
slides over the tongue. At the sz oment the whole larynx is raised 
up by the action of special IO so as to be closed by the back of 
the tongue and the epigl NO s round so that the ball of food 
reaches its upper surface N passes into the gullet without entering 
the larynx. Simulta , the soft palate contracts and together 
with the uvula, assu horizontal position which closes the orifices 
of Sota ON Th the nasal cavities. The loss of the epiglottis or 
its paralysis doe appreciably interfere with the act of swallowing, 
because the la X sufficiently closed by the base of the tongue as 
it is raised’ stated above, but the deglutition or swallowing of 
diquids m somewhat difficult. 


Pheñomenon (plural, phenomena). The term was at first used to 
SNY unusual or remarkable appearance, but now, and in a more 
a” way, the word phenomenon applies to all the changes which 
Be in the universe and are perceived by observation or experiment. 
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Phylogeny. The study of the evolution of man and generally of 
the various animal forms from which the human organism has been 
developed in the course of countless ages. It is mainly due to the 
publication of Darwin’s Origin of Species (1859) that Phylogeny 
(i.e., the branch of science which described the ascent of man from 
the lower ranks of the animal world) is born. The chief source that 
Phylogeny draws upon is Ontogeny and Embryology, i.e., the science 
of the development of the individual organism. Moreover, it derives 
a good deal of support from Paleontology or the science of fossil 
remains of animal types now extinct, and even more so from com- 
parative anatomy. 


Plasma. The fluid part of the blood and the lymph. 


Plexus (from the Latin plectare, to knit). A network made of 
an aggregation of blood-vessels (vascular plexus) or an aggregation of 
nerve fibres forming what is called a nervous plexus. 


Plica—a fold. The plica-semilunaris is a conjunctival fold in the 
inner canthus of the eye and represents a rudiment of the third lid or 
nictitating membrane found in birds and many animals. 


Process. The term has two different meanings; it applies to a 
course of action, a group of phenomena, e.g., the process of digestion, 
or a pathological process. It also applies to a prominence, or an out- 
growth of some parts of the body; for instance, the axon of a nervous 
cell is a process originating from the protoplasm of the cell body and 
is generally continued into the cylinder-axis of a nerve fibre. We have 
also alluded to the protoplasmic processes or pseudopodes of an amceba 
and to the dendritic processes of a nerve cell. 


Protoplasm. The viscid material constituting the main substance 
of a living cell upon which all the vital functions of nutrition, secretion, 
movement, growth, reproduction and irritability depend. \ Viewed under 
a microscope with a high magnification, the protog]asntyof most cells 
appears as a network (or spongioplasm) contain its meshes a 
more fluid substance termed the hyaloplasm. & 


Radiations. The Universe does not m consist of the solid, 
liquid or gaseous bodies we know through © andi According 
to a hypothesis generally adopted thers. very subtle, imponderable 
medium, termed ether, which esca most accurate means of 
observation and pervades all ene least up to the most distant 
stars. Not only does this TA ill what we term vacuum, the 
vacuum of interstellar spaces aşwèfl as that we can produce with our 
best pneumatic machines, b lso penetrates, without any difficulty, 
all material bodies, even ees compact; to use a somewhat rough 
comparison, ether flow ough material bodies, as water passes 
through a net or air gh a fine gauze. 

This medium, 7 which must have a considerable elasticity, is 
able to vibrate, an e vibrations produced at any point are trans- 
mitted in all <qiGgytions in vacuum .as well as in material bodies as 
ripples or we are produced and propagated when a stone is dropped 
into a popc ‘ater; these ethereal vibrations constitute what is termed 
radiatia 

N opagation of vibratory movement corresponds to the transfer 
ertain amount of energy which, in certain conditions, may be 


T 
of | 

t ated wholly or partly to material bodies, and these bodies 
es rgo modifications which differ from one another, not by their 


AO 
w 


use which is the same, namely, energy, but by the nature of the 
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reactions these bodies are capable of exhibiting, according to their 
constitution or to the conditions in which they are placed. 

Without entering into details which are beyond the scope of this 
book, we will state that all material bodies are made of molecules 
which are not in contact with one another but which oscillate round 
each other with an enormous velocity that depends on the temperature 
of the body. It is this vibratory movement which is the source of 
molecular kinetic energy and it is only at the temperature physicists 
call the absolute zero that the molecular movement is stopped. The 
absolute zero corresponds to -273° C. If a body, for instance, a gas, 
could be cooled to that temperature, it would have no pressure since 
it would have no kinetic energy, no heat. 

If we raise the temperature of a body, i.e., if we spend a certain 
amount of energy on it, and provided this does not cause it to undergo 
a chemical decomposition, we increase the rate of its vibratory mole- 
cular movement and thus a wave motion of same frequency is set up 
in the surrounding ether; this ethereal wave motion carries the energy 
of the vibrating body in all directions. Assuming the body under 
experiment is a small length of platinum wire, and that the energy 
spent on it is that derived from an electric current of variable intensity, 
it will be found that so long as the temperature of the wire is less than 
about 400 or 500° C, nothing apparently occurs except that the wire is 
distinctly hotter than it was at the ordinary temperature. In other 
words, bodies at ordinary temperatures .do not emit radiations which 
affect the eye, but at a temperature of 400 or 500° C they begin to 
emit radiations corresponding to the infra-red or calorific part of the 
of the spectrum, radiations which ‘can be detected by sensitive ther- 
mometers. If, by increasing the intensity of the electric current, the 
temperature of the wire reaches about 700° C, the wire itself will 
appear red-hot, i.e., will emit visible radiations giving to the average 
human eye the sensation of red. The spectrum given by ¢he light of 
the wire would then be reduced to a small piece corres ming to the 
extreme red of the ordinary solar spectrum. As the ‘ae ure of the 
wire is further increased beyond 700° C, the spec obtained will 
gradually extend to the orange, then to the yellogAthen to the green 
and ultimately to the violet, so that at a s t temperature the 
luminous body emits radiations giving to oe the simultaneous 

m 


sensation of red, orange, yellow, green, b violet, i.e., the sensa- 
tion of white light; the luminous wire h e white hot. 
When the ethereal waves set up bX the vibratory molecular move- 


ments of material bodies strike the r of an eye, or a photographic 
plate, or a highly sensitive ther eter, they produce, according to 
their wave-length, a sensation ofA@At, or they act on the photographic 


plate, or they produce an in yin temperature shown by the ther- 
mometer. Thus sensation iis result from the actions of ether 
waves of a proper wav Sth upon the sensitive elements of the 
retina; but the old béli at the sensation was primarily due to a 
series of mere mecha impulses or beats, just as a sound results 
from the al ear ympact of air waves upon the sensitive organs of 


the internal ear not any longer be upheld. 

The fan searches of Hertz have established upon a secure 
experimen àsis the hypothesis of Maxwell that light is an electro- 
magnetic omenon. Such electric radiations as can be produced 
by speci] instruments and are used in wireless telegraphy are found to 
5 AON acii the same way as those to which light is due. They 

rough space. with the same velocity, they can be reflected, 
ioe polarised, and made to exhibit T TETEN effects. No fact 
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in physics is much more firmly established than that of the essential 
identity of. light and electricity. It follows that the displacements of 
ether which constitute light waves are not necessarily of sucha gross 
nature as those which we see on the surface of water, or which occur in 
the air when a sound is transmitted through it. The displacements 
which the ether undergoes are not mechanical, primarily at all events, 
but electrical. 

Everyone knows what a simple mechanical displacement is; the 
vibration of a pendulum gives a good example of such a displacement. 
But if we electrify a stick of sealing wax by rubbing it with flannel, 
the surrounding ether undergoes electric displacement; the exact nature 
of this phenomenon is not known, but ultimately, no doubt, it will 
be found to be of a mechanical nature, though it is almost certainly 
not a simple bodily distortion such as is caused, for instance, when 
one presses a jelly with the finger. 

The existence of a universal medium capable of transmitting at 
the enormous speed of 186,000 miles or 300,000 kms. per second, dis- 
turbances which, whatever their real nature, are of the kind mathe- 
maticians call waves, had been postulated by Newton as a physical 
necessity. The existence of ether is now firmly established, though 
the essential nature of the action produced by ether waves on the eye 
is not yet ascertained. Many guesses at the truth have been hazarded 
and the effect of ether waves on the eye may be electrical or chemical, 
or both. Ether waves, we know, are competent to bring about 
chemical changes, as in the familiar example of the photographic 
plate; they can also produce electrical phenomena as, for instance, 
when they fall on a suitably prepared selenium cell, but there is no 
evidence that they can exert any direct mechanical action of a vibratory 
character, and, indeed, it is barely conceivable that any portion of 
our organism should be adapted to take up vibrations of such enor- 
mous rapidity as those which characterise light waves. 

Of the multitude of ether waves which Bee it is only 
comparatively few that have the power of exciting ation of light. 


As regards this limited range of sensibility, th a close analogy 
between hearing and seeing. No sensation of d is produced when 
air waves beat upon our ear unless the rat he successive impulses 


lies within certain definite limits. It is o with vision. If ether 
waves fall upon our eyes at a less ren about 420 billions per 
second, or at a greater rate than ZO) ns per second, no sensation 
of light is perceived. The same &ac ay be stated in another and 
more convenient way. Since aires that are propagated in ether 
travel through space at exactly the same speed, namely, 300,000 kms. 
Or 30,000,000,000 cms. or 3 Q 10? cms. per second it follows that 
f homogeneous waves must be inversely 
%, i.e., to the rate at which they strike 
eye. 

f specifying waves by their frequency we may 


the length of each of a se 
proportional to their 
a fixed object such a 

Instead, therefore 
more conveniently 
quency is 42@ D per second have a length which is the four- 
hundred tw: illionth part of 300,000 kms., i.e. (if expressed in 


mms.) Qf 712 mms. To express such small lengths, the milli- 
metre 4 large a unit; even the micron, i.e., the thousandth of a 
milli > denoted by the Greek letter p, and used as unit of length 


S icroscopic objects, is still too large. It is the custom to express 
“lengths in milli-microns, denoted by pp; a milli-micron is one- 


ave-length of those waves whose frequency is 420 billions per second 


A r ORA of a micron or a millionth of a millimetre. Hence the 


ecify them by their length. Waves whose fre-' 


| 
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is 712mm. Some authorities take as unit the tenth of a milli-micron 

which is called the tenth-metre or Angstrom unit, denoted by the 
initials A.U. A wave-length of 712" is 7,120 tenth-metres or 7,120 || 
Angstrom units, generally written 7,120 A.U. 

In the same way ether waves the frequency of which is 750 billions, 
have a wave-length of 390mm or 3,g00 Angstrom units. Wavesof alength 
greater than about 7,120 A.U. or less than 3,900 A.U., have no effect 

i upon our organ of vision. Wave-lengths of about 7,120 A.U. give rise 
j to the sensation of red, those of about 3,900 A.U. to the sensation of 
violet. Intermediate wave-lengths give rise to the coloured sensations 
between red and violet. 

The position of the boundaries of the visible spectrum in the 
classical experiment of Newton does not depend upon anything what- | 
ever in the nature of light regarded as a physical phenomenon. Ether E 
waves which are much longer and much shorter than those which 
correspond to the visible spectrum certainly exist, and evidence of their 
existence is supplied by their effect on a. sensitive thermometer in the 
case of the former, and by their effect on a photographic plate or on | 
photographic paper in the case of the latter.. Such waves, however, | 
fall upon our eye without exciting the faintest sensation of light. 

The visible spectrum is limited solely by the physiological constitu- 
tion of our organs of vision, and the fact that it begins and ends where 
it does is, from the physical standpoint, a mere accident. The main 
function of the ether in the economy of the universe is to undulate, and 
to transport energy from one place to another by wave motion. Some 

_of its waves, such as those which are made use of in wireless tele- 
graphy may be many thousands of metres in length, others may be 
shorter than 100zm or 1,000 A.U., as is probably the case with those 
associated with X-rays, but all, so far as is known, are of essentially 
the same character, differing from one another only as the billows of 
the Atlantic Ocean differ from the ripples created on th face of a 
pond when a stone is dropped into it. No matter how XA sturbance 


in the ether is set up, whether by the sun, or by Ka ai or by a 


le Dh D A ok E 


hot flat-iron, in every case the ether conveys nofo) at all but the 

energy of a wave motion and when the wav ncountering some 

material obstacle which does not reflect ND quenched, their | 
energy takes another form and some kings@{Qwork is done or again | 
heat is generated in the obstacle. The v eor at least the greater 
part of the energy given up by the saves is, in most cases, trans- 
formed into heat, but under special(§rcumstances, as for instance 
when the waves fall upon the greegyleaves of a plant, or a living eye, 
or a selenium cell, a few of t ay perform work and give rise 
to chemical changes in the 1 or to a sensation of light in the 
eye, or to electric phenom the selenium cell. 

The process of the ission of energy from a body to another 
by propagation of a w tion, through an intervening medium, has 
long been spoken of as‘r&diation, and in recent years the same term 
has been largely ue! to denote the energy itself while in the stage 
of transmission. adiation ° in this sense, meaning ether wave 
energy, ONSEN at is often called light. One often reads that light 
travels fro sun to the earth in a little more than 8 minutes, but 
while on if\6urney it is not light in the true sense of the word; | | 
neither y anything in the nature of light start from the sun. As | 
Prof. Well puts it, “ Light has no more existence in nature outside | 


a ae body than the flavour of onions has; both are merely 


4? 
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If a boy throws a stone which hits you in the face, you feel a pain, 
but you do not say that it was a pain which left the boy’s hand and 
travelled through space to you. The stone instead of causing pain 
in a sentient individual might have broken a window or brought down 
an apple, in which case the muscular energy spent by the boy in 
throwing the stone would be transformed into mechanical work, or 
again, if the stone strikes an obstacle which it can neither break nor 
penetrate, the energy carried by it is transformed into heat as shown 
by an increase in the temperature of the stone. The amount of heat 
thus produced by a stone striking an obstacle is small and difficult 
to appreciate, but everybody knows that if a bullet is fired from a gun 
and is received on a plate of hard steel, the bullet, suddenly arrested 
in its journey through space may become red hot; the energy stored 
in the explosive used to propel the projectile is transformed into heat. 
Had the steel plate been less hard a portion of the energy carried by 
the bullet would have been spent in penetrating more or less deeply 
into the plate, i.e., would have been partly transformed into mechanical 
work. Just so, the same radiation which, when it chances to encounter 
an eye, produces a certain sensation will produce-a chemical effect if 
it falls on photographic plates, an electrical effect if it falls on a 
selenium cell, or a heating effect in almost anything. Why then should 
it be specially identified with the sensation ? 

Radiation also includes, and is nearly synonymous with, what is 
often miscalled radiant heat. After what has been said just now, it 
is clear that there is no such thing as radiant heat. The sun or any 
other hot body. generates wave energy in the ether at the expense of 
some of its own heat and any distant substance which absorbs a portion 
of this energy, generally though not necessarily, acquires an equivalent 
amount of heat. The result may be the same as if heat had left the 
hot body and travelled through space, but the process is different. It is 
like sending a florin to a friend by postal order. You part with a florin 
and your friend receives a florin, but the piece of piger which goes 
through the post is not a florin. It is strictly come o say that the 
sun loses heat by radiation just as you lose a fl by investing it in 
the purchase of a postal order. But that i the same thing as 
saying that the sun radiates heat. 

The term radiation has the advantage > avoiding any suggestion 
of the fallacy that there is some spa difference in the nature:of 
the ether waves which may happen te inate their respective careers 
in the production of light or heat a otea actions or anything else, 
but it is, unfortunately, impossi n the present condition of things 
to use it as freely as one ogi ish without pedantry, and we must 


still often speak of light or when the term radiation would express 
our meaning with greate racy. 


All observations Mown facts tend to prove that there is no 
essential difference b on the causes which produce luminous sensa- 
tions of various rao those which act on photographic paper, i.e., 
which give rise to mical or actinic phenomena, or again those which 
produce a me Gyensation of heat. 

All thos Sa are due to radiations and the only difference 
consists J various values of the duration of the vibration or, which 
comes Eiane. in the wave-length of these vibrations. We can go 
furtheN Apart from the ether waves set up by the molecular vibratory 
care of material bodies which give rise to the infra-red, the 
NY and the ultra-violet radiations, it has been found that when an 
Ò tric spark passes between two metal balls, ether waves of relatively 

onsiderable wave-lengths are set up and transmitted through space; 


GLOSSARY 443 


it is this kind of wave which is utilised in wireless telegraphy. The 
shortest wave of this kind which has been obtained has a wave-length 
of about 3 mms. but powerful sources of electricity, in conjunction with 
suitable apparatus, can give rise to radiations the wave-lengths of which 
may reach a very high ‘value, amounting to several thousand metres. 

These electric or Hertzian waves (from the name of their dis- 
coverer) appear in all respects to be similar to those which give rise 
to the visible and non-visible spectra, the only difference being in the 
wave-length or the frequency. They travel through space at the same 
rate, they can be reflected, refracted, polarised and made to exhibit 
phenomena of interference. 

It follows that the four great groups of ether waves or radiation, 
namely, the actinic or ultra-violet waves, the visible radiation, the infra- 
red or calorific waves and the electric or Hertzian waves are really and 
essentially the same in nature and consist in periodic disturbances or 
waves, propagated through the ether in every case with a speed of 
300,000 kms. per second. 

We may, therefore, say that these various classes of ether waves 
differ from each other only in the same sense in which a deep musical 
sound differs from a high-pitched one; the difference is merely one 
of wave-length or frequency. 

On the other hand, the curious radiations discovered by Röntgen 
and termed by him X-rays most probably consist of ultra-violet radia- 
tions of extremely short wave-length, and this very peculiarity explains 
why the radiations in question differ by some of their properties from 
those of the other groups. For instance, X-rays are easily diffused but 
not easily regularly reflected. It is a known fact that the smoothness 
of a surface necessary to produce regular reflection depends on the 
wave-length of the radiation employed or, more exactly, on the relative 
size of the wave-length and of the surface irregularities. If the wave- 
length is appreciably larger than the surface irregularigtéSQ there is 


regular reflection; if appreciably smaller, the waves ay ken up by 
the irregularities or roughness of the surface, and is diffusion 
or scattering. For instance, ground glass is not ooth enough to 


reflect regularly the visible radiations but it d 
long infra-red waves because the wave-lengt 
and those of the former small as compar 


irregularities. It is not astonishing, A 


ect regularly the 
the latter are large 
he size of the surface 
to find that the exceed- 
to X-rays cannot easily be 


ingly small wave-lengths which give 
regularly reflected but are readily diff 


Salamander, a genus of tailec phibians including three different 
species, all confined to the Ol pO. The most common species is 
the spotted or fire salamand in most parts of Western Europe, 
five to six inches in N in colour with vividly marked yellow 
spots. The skin bears E ries of glands, one on either side, which 
secrete a white poisono uid that is squirted out in fine jets when 
the animal is irritat@y The poison is strong enough to kill a small 
animal if irode o its blood or its stomach. The spotted variety 


of salamander, KA errestrial habits, but'requires a moist locality. 
The oth@x Wao species are the Alpine or black salamander and the 


Caucasus s ander. The former is about the same size as the spotted 
variety without the yellow spots; it is confined to the Alps region, 
in thagcthity of water and at an altitude of two thousand to nine 


thogganW feet. The latter, very similar to the spotted one, is found 


g 
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Caucasus. (See Classification of Living Beings). 
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Science (from. the Latin scire, to know) is the knowledge of the 
order of nature as found out by observation, experiment and reasoning. 
Professor Ray Lankester defines Science as “ that knowledge which 
enables us to demonstrate, so far as our limited faculties permit, that 
the appearances and phenomena we recognise in the world around us 
are dependent in definite ways on certain properties of matter.” To 
put it more briefly, Science is the knowledge of the laws governing 
the forces of nature. 

The subject matter of all possible human knowledge is contained 
in two separate realms, an outer and an inner one; the outer realm or 
outer world consists of matter, the inner one is what we call generally 
the mind, 

In a broad way Science may be sub-divided into (a) Physical 
Science which deals with the outer world, the fundamental ideas of 
which are matter and energy; and (b) Mental Science which deals 
with the inner world, the fundamental ideas of which are knowing, 
feeling and willing. The term mind may be defined as that within us 
which knows, feels and wills. 

Just as Physical Science is divided into various branches such as 
Physics, Chemistry, Mechanics, Physiology, etc., so Mental Science 
is divided into different branches, the principal one of which is Psycho- 
logy, which deals with the phenomena of knowing, feeling and willing. 
Any particular mental activity is called a state of consciousness or a 
psychosis and Psychology is mainly concerned with the discovery of the 
relation between different states of consciousness. Psychology does not 
include the study of what the mind is in itself, but only the study of 
the various phenomena of the mind and of the relation between them. 
The branch of Science attempting to explain the real nature of the mind 
is called Philosophy or Metaphysics, the aims of which are the dis- 
covery of the real nature of matter and of mind and of the relation 
between them. 

Though Psychology is the main branch of At science, there 
are other branches, such as Ethics (the scienc conduct), Politics 
(the science of government), Sociology (the s e of societies), Logic 
(the science of reasoning), Pedagogy ( Science of education), 
Æsthetics (the science of the beautiful i ure and art), etc. 

Physical Science includes Physi r Biology, i.e., the science 
of living beings. In ancient time e` phenomena occurring in a 
living organism were attributed toX%he existence of a vital principle, but 
modern researches have prov that most of the physiological 
phenomena take place accord to the laws of Physics and Chemistry. 
Even nervous phenomena ow studied in terms of the physical 
and chemical laws an y a new branch of Psychology, termed 
Experimental or PhyNQiyical Psychology has been created to deal 
with the phenome he mind and the intellectual activities of the 
nervous system T, experimental basis; it applies the methods of 
natural science Ao the elucidation of the reactions of the mind to the 
various stimuK Oe receive from the external world. 

Sclerop Hardening. The term applies specially to the harden- 
ing of rt from an overgrowth of connective tissue, as is the case 
in HAN ening of the nervous elements from atrophy or degeneration 
with, hyperplasia of the interstitial tissue. It also applies to the 


he: c inflammation of the arteries characterised by a thickening, 
haedening and loss of elasticity of their walls. The condition is then 
Salted arterio-sclerosis. 
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Sebaceous (from the Latin sebum, fat). Pertaining to sebum or 
secreting sebum or fat. Sebaceous glands are compound saccular 
glands in the dermis of the skin, at the root of every hair follicle, and 
secreting a semi-fluid substance or sebum mostly composed of oil drop- 
lets. The Meibomian glands of the lids are modified sebaceous glands. 


Septum (plural, septa) a partition. 


Serous Membrane. The term applies to delicate membranes in the 
form of a closed sac covering the viscera, especially the heart, in which 
case the membrane is called “the pericardium, or the lungs (the pleura), 
or again, the abdominal organs (the peritoneum), etc. The almost 
virtual cavity between the two surfaces of the closed sac forming a 
serous membrane is filled with a fluid formerly called serum, but 
which is really a form of lymph. In each serous membrane the one 
half of the double sac is closely adherent to the viscera it surrounds, 
the other half being attached to the walls of the cavity era or 
abdomen) in which the viscera are placed. 


Serum. The clear yellowish fluid separating from the blood after 
coagulation of the fibrin. The term also applies to any clear fluid 
resembling the serum of the blood. Thus, artificial serum is a solution 
containing 7.5 grammes of chloride of sodium or common salt in 
1,000 C.C. of distilled water. In recent years, the term serum has been 
used to denote media prepared by the production of the toxin of certain 
bacteria, the injection of which in an individual immunises him from 
the disease caused by the bacteria from which the toxin has been 
obtained. Thus we speak of antidiphtheritic serum, of anticoryza (or 
antistreptoccic) serum, antityphoid serum, etc. 


Sinus. The term sinus in anatomy has two different meanings and 
serves to denote a hollow, or a cavity or a pocket containing air, as 
is the case for the air cells of the skull, or again, more or less large 
channels containing blood, especially venous blood as is nw in the 


cavernous sinus. 
Species, a Latin word denoting a subdivision of a S of animals 
or plants, the individuals of which are either ide in character 


or differ only in unimportant and inconstant detai 

Stimulus. Latin word, the plural of which Mim denoting an 
impulse, a goad or anything capable of Wan) stimulation. 

Styptic. (See Astringent.) 

Synovia. (See Articulations.) K 


Synthesis. A chemical term deng the artificial formation of a 
compound substance by combinati f its constituent elements. Thus 
the synthesis of water is obtaięA by mixing two parts of hydrogen 
with one part of oxygen d/gjetérmining the combination of these 
two gaseous elements by SS of an electric spark. 


Synthetic. Appertą 
Teratology is the br 


to or produced by synthesis. 
ch of medical science dealing with the study 


of monsters. KY 

Trabecula. [ays one of the fibrous bands extending from one part 
to another the ensemble of which constitutes the loose form of 
connective 


Trab oy is a term denoting the nature of a loose connective 
tissu that connecting the dermis of the skin or of the mucous 
Qe to the subjacent structures, or the loose tissue constituting 


me 
thet yprachoroidal membrane. 
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Traumatism (from the Greek trauma, a wound or an injury). 
The condition produced by a wound or an injury. 


Triton. The name is commonly used to denote the Newt, i.e., a 
species of tailed Amphibian belonging to the same family as the Sala- 
mander. (See Classification of Living Beings.) 


Ulcer denotes a loss of substance occurring mainly in the skin or 
the mucous membrane and due to a gradual necrosis of or death of 
the anatomical elements of the tissues. 


Ultra-microscope. The optical system of the ordinary microscope has 
practically reached now the utmost degree of perfection. It is proved 
by mathematical considerations we cannot enter into, that, owing to 
the very nature of light, we cannot expect to see under the microscope 
objects the size of which is equal to or smaller than the wave-length of 
the light used to illuminate the preparation. As the average wave- 
length of white light (corresponding to the green-yellow part of the 
spectrum) is nearly 600 milli-microns, it follows that objects smaller 
than about six ten-millionths of a millimetre cannot be seen with the 
most perfect microscope. By using a light of shorter wave-length 
(violet light) the limits can be slightly lowered but, as stated before, 
the modern microscope has practically reached the utmost available 
power. 

By means of the ultra-microscope it is, however, possible to detect 
the presence of objects the dimensions of which are below the limits 
of visibility, though the method does not permit to recognise the 
exact shape of such objects. 

As a rule in a microscopic examination the preparation is illu- 
minated by light reflected at a concave or plane mirror, travelling 
through the preparation itself along the tube of the instrument to the 
observer’s eye. The field of the microscope is thus brightly illuminated 
and the objects examined, in order that they may be seen, must con- 
trast with the bright field either by their relative ees or by their 
coloration, 

In the ultra-microscope the preparation, isa of being illu- 
minated from below upwards or in the ordinar y, is illuminated by 
rays of light directed almost horizontally o e slide; these rays are 
reflected according to the usual laws of r on and therefore do not 
pass into the tube of the microscope, d of which remains dark. 
If, however, the incident rays, as t sike very obliquely the pre- 
paration on the slide, meet a pals capable of diffusing light, this 
particle becomes luminous and wff\)e visible on the dark field of the 
microscope. It follows that O. ultra-microscope the observer does 


not see objects, semi-opaque oloured, on a bright ground but sees 
illuminated particles on “ge ground. It is possible in this way to 
observe minute particl ize of which is below the limits of visi- 
bility in the ordinary AX oscope. We cannot go into the details of 
this method. and ifTs S#fficient to point out that an intense beam pro- 
ceeding from a sm arc lamp or some other powerful source is sent 
onto the prer gion in such a way that the rays, though they 
e 


strongly illun# the preparation, are not reflected into the tube of 
the micros 


NSD (See Pharynx.) 

is@us (plural viscera). Any one of the organs enclosed within one 
three great cavities of the body, namely, the cranial cavity, the 
cavity (or chest), and the abdominal cavity. 


BIBLIOGRAPHY. 


The following authorities have been consulted in the preparation 


_of the different chapters of the present book, and those readers who 


wish to pursue ‘their studies cannot do better than refer to the works 
enumerated below. As already pointed out, Stereograms 3 to 14 have 
been reproduced from Dr. Thomson’s set by kind permission of the 
Clarendon Press, of Oxford. Stereograms 1 and 2 are reproductions 
of two stereoscopic slides belonging to the ‘‘ Iconographie Stéréo- 
scopique Oculaire ’’ by Dr. Monthus; “and are reproduced by permission 
of the publishers, Messrs. Masson & Co., of Paris. 


Bidwell, Shelford, M.A., F.R.S. Curiosities of Light and Sight. 
(Messrs. Swan Sonnenschein & Co., Ltd., London, 1899.) 

Cajal, Ramon y. La Rétine des Vertébrés (The Retina in 
Vertebrate Animals) in ‘‘ La Cellule ’’ Vol. IX. (1893). 

Cajal, Ramon y, Les nouvelles idées sur la structure du système 
nerveux (New views on the structure ofthe nervous system). Trans- 
lated into French from the Spanish by Dr. Azouley, Paris (1894). 

Dubois, Raphael, Action de la lumière sur les êtres vivants (Action 
of Light on living beings). In ‘‘ Traité de Physique physiologique,” 
by d’Arsonval (Vol. II.). Messrs. Masson & Co., Paris (1904). 

Fincham, E. F. The Slit-Lamp. Transactions of the Optical 
Society. Vol. XXV. (1923-24). 

Fisher, J. Herbert, F.R.C.S. Ophthalmological Anatomy (Hodder 
& Stoughton, London. 1904). 

Forrest, James, M.B.- Recognition of He C published 
by J. & H. Taylor, London and ‘Bir mingham. (r1g11r) ANY 

Foster, Michael, Text-Book of a asl cS published 
by Messrs. Macmillan & Co., London. (1900). 


Fuchs, Dr. E., of Vienna. Text-Book o ieee trans- 
lated from the 12th German edition of a ane, is New York. 
(J. B. Lippincott Coy., Philadelphia and ft, 1917 
` Gley, Professor E. Physiologie Og d and os edition of 


the ‘‘ Cours de Physiologie °? by hee K Orn Duval), published 
by J. B. Bailliere & Co., Paris. 

Greef, Professor, of Berlin. 
of the Eye. Translated from 
Walker, of Glasgow; pub 
mology, London. aa Ae) 

Huxley, Thomas, (Ley ns in Elementary Physiology (Macmillan 
& Co., London). 

Johnson, Dr... dsay. A Pocket Atlas and text-book of the 


Fundus ee & Co., London. 1911). 
Lagrangeny M. F., of Bordeaux. Anatomie générale de 
Sr Anatomy of the Orbit) in Encyclopédie francaise 


l’Orbite (SNE 
N gie. Vol. I. Published by Messrs. Octave Doin & Cos 


e to the Microscopic Examination 
3rd German edition by Dr. Hugh 
y the British Journal of Ophthal- 


Pari -I1910). 


eos gley, Prof. J. N. Practical Histology. Cambridge. (1920). 
ww 
¢ S 


448 BIBLIOGRAPHY 


Luciani, Luigi, Human Physiology, translated from the Italian 
by Dr. Frances A. Welby: Vol. IV. (Macmillan & Co., London. 
1917). 

Maddox, Dr. E. Tests and studies of the Ocular Muscles. (Key- 
stone Publishing Co., Philadelphia, 1907). 


Merger, Dr. E. Anatomie générale du globe (General Anatomy of 
the Ocular Globe) in Encyclopédie francaise d’ophthalmologie. Vol. 
I., published by Octave Doin, Paris. (1905-1910). 


Motais, Dr. M. Anatomie et physiologie de l’appareil moteur de 
V’oeil humain (Anatomy and physiology of the motor apparatus of the 
human eye) in Encyclopédie francaise d’ophthalmologie. VORMEL 
Paris. (1905-1910). 

Nicati, Dr. W. Physiologie oculaire humaine et comparée. (Rein- 
wald, Paris, 1909). 


Parsons, Herbert, D.Sc., M.B., F.R.C.S. Diseases of the Eye. 
(J. & A. Churchill, London. 1918). 


Pettit, Dr. A. Aperçu anatomique sur l'appareil visuel (A study 
of the comparative anatomy of the eye) in ‘‘ Traité de Physique 
physiologique ° by d’Arsonval. Vol. II. (G. Masson & Co., Paris. 
1904). 


Quain’s Anatomy, edited by E. A. Schafer and G. D. Thane. » 


(Longmans, Green & Co., London). 

Rochon-Duvigneaud, Dr. Anatomie de l’appareil nerveux sensorial 
de la vision (Anatomy of the nervous apparatus of vision) in Encyclo- 
pédie francaise d’ophthalmologie. Published by Messrs. Octave Doin 
& Co., Paris. (1905-1910). 


Schäfer, Dr. E. A., F.R.S. Essentials of Histology. (Longmans, 
Green & Co. London). 


Starling. Principles of Human Physiology qyin &, Co., 
London, 1920). 

Stevens. The Motor Apparatus of the EygN® A. Davis, Phila- 
dephia. 1906). KS 

Sutcliffe, J. H. Keratometer and ORF Microscope (Messrs. G. 
Culver, Ltd.). 

Tourneux. Précis emon a A aine (Collection Testut). 
(Octave Doin & Fils, Paris, 1921) 

Tscherning, Dr. M. Physiol Optics (Keystone Publishing Co., 
Philadelphia). 

Vialleton. Technique Gyyologique et histologique (Collection 


Testut). (Octave NN s, Paris, 1909). 
Woll, F. A., Ph. echnique of Eye Dissections. New York. 


(1924). 
Waller, A. D.,“¥1.D., F.R.S. An introduction to Human Physi- 
ology. (Lon , Green and Co., London. 1896). 


| 


Ww 
RNS 
ad 


INDEX 


PRINCIPAL REFERENCES ARE IN HEAVY TYPE. 


ABSCESS, 115 
Abducens nerve, 71, 72, 321 
nucleus of origin of the, 321 
Acetic acid, 110 
Acoustic (auditory) nerve, 71, 73, 74 
Acromegaly, 103, 418 
Actinic rays, effects of, 122 
Action of light on living beings, 121 
Adipose tissue, 22 
Adrenalin, 101 
Afferent nerves, 42, 47, 50, 55 
Air cells or sinuses of the orbit, 309 
405 
Albinism, 191 
Albuminoid substances, 109 
Albuminuria, 418 
Alcohol, as a dehydrating agent, 363, 
383, 384, 388, 393 
Alexia, 298 
Alimentary canal, 3, 9, 30 
nerves supplying the, 42 
Amaurosis, 418 
Amblyopia, 418 
Ameeba, 14 
Amygdales, 105 
Anabolism, 16 
Anesthesia, 184 
Anatomo-clinical 
localisation, 84 


method, cerebral 


applied to the study of the | 


path of visual impulses, 270 
Animal heat and its regulation, 96 
Anterior chamber, 198, 408 

ciliary arteries, 336, 371 
Antiseptics, 114 
Antrum of Highmore, 309, 406 
Aorta, 91 
Aphasia, 83, 289, 419 
Aponeurosis, orbito-muscular, 311 
Appendages of the eye, 328 
dissection of the, 375 
Aqueduct of Sylvius, 63, 65 
Aqueous fluid, composition of, 198 


functions of the, 199 
mode of exit of the, 200, 338 Oi 


Arachnoid membrane, 43 
sheath of optic nerve, 

Arcus senilis, 116 

Argentine membrane, 1 

Argon, 106 

E circle of Zinn, 


hypertension,¢, 
Arteries, 3, 91 


E 
ciliary, 3 


i the walls of the, 


of ANY mes, 24 
regWation of the calibre of, 87 


O: ure of, 91 
sion of the walls of, 93 
rio-sclerosis, 37, 93, 288 


Artery, central retinal, 213, 335 
(central) of the optic nerve, 146, 
219, 335 
hyaloid, 146, 336, 
ophthalmic, 335 
pulmonary, 91 
splenic, 104 
Arthropodes, compound eyes of, 149 
Aseptic, 114 
Association of cortical co-ordinating 
centres, 326 
of the two visual cortical centres, 
281 
Astigmatism, corneal, 170 
variations in the amount of, 171 
Auditives, 296 
Auditory nerve, 71, 73, 74 
Auricles of the heart, 91 
Autolysis, 111, 420 


360 


BACTERIA, 110, 113, 420 
light-emitting, 140 

Basic fuchsin, 387 

Berlin blue, 397 

Biceps, 28 

Bichloride of mercury, as a fixative, 383 

Bichromate of potash, 383 

Bifocal eyes, 161 

Binocular vision, 

two eyes in, 299 

visual field in, 301 

Blindness, literal, 29Q 


mind-, 289 

musical, 291 xS 

verbal, 29 Q 
Blood, capill e 9l 


Blood, nap ion of the, 89 
corpos, 


89 


f Q s of the, 90 
GSSQTe, 93 
GY. eA eee 


in muscles, 29 
in bones, 24 
retinal, 213, 335 
Blood sinuses, 337 
supply of the eyeball, 335 
Bone, 10, 17, 23 
occipital, 43, 62 
Bones, attachment of muscles to, 28 
connections of, 6, 22 
composition of, 24 
orbital, 303, 405 
periosteum of, 24 
Bowman’s membrane, 162, 165 
Brain, The, 57 
arrangement of the grey matter 
of the, 66 
cortex, 61, 66, 68, 82, 84, 86, 209 
minute anatomy of, 259 
description of the various 
of, 61 


association of the 


91 


parts 
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Brain, The—Continued. 
embryological development of, 
58, 65 
functions of the various parts of 
the, 69 
general arrangement of the, 57 
nerves arising from, 70 
smal! or cerebellum, 59, 62, 68 
weight of, 85 
Brainless frog, behaviour of, 75, 80 
Bruch’s membrane, 177, 189 
Brucke’s muscle, 195, 369 
Bulb, spinal, 58, 62, 63, 67, 421 
functions of, 69 
Bulbar conjunctiva, 172, 330 
Buphthalmos, 166, 341 


CALGARINE FissuRE, 83, 209, : 220, 
254, 271 

Calcium, 105 
in bones, 25 

Canada balsam, 167, 388 

Canal, alimentary, 3, 9, 30 
hyaloid, 146, 216, 336, 373 
medullary, 24 
of Cloquet, (canal of Stilling; 

hyaloid canal), 146, 216, 336, 
373 

of Petit, 202, 365, 374, 407, 410 
of Schlemm, 170, 196, 201, 367 

Canal, spinal, 9, 43 

Canalicuh, lachrymal, 332, 375 

Canals, Haversian, 24 

Capillaries, 3, 21, 90, 92 
in inflammation, 113 

Capsule of Tenon, 172, 306, 311 
dissection of, 358, 378 
movements of the, 318 
structure of, 311 

Carbohydrates, 110 

Carbon, 107 

Cardiac centres, 70 

Carotid artery, 335 

Cartilage, 23, 25, 421 

Catalytic force, 111 

Cataract, 205 

Cataracts due to toxins, 208 

Catoptric corneal image, 160 


Cauda equina, 43 O) 
Cavernous sinus, 219, INAL 
Celloidin, 386, 393 O 
Cells, animal, 10 

corneal, 163 

formation Qf Comective tissue 

from, 21 
isodynami 


derties of, 14 
cture of, 12 
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Cellulipetal, 422 
Central artery of the optic nerve, 146, 
219, 335 
Centre of rotation, position of, 306 
Centres, nerve, 422 
Centrifugal fibres, cerebro-spinal, 42 
optic, 256, 262 
Centripetal fibres, 42 
optic, 256, 262 
Cerebellum, functions of, 69, 73 
Cerebral cortex, description of, 68 
hemispheres, functions of the, 74 
phenomena observed after re- 
moval of, 80 
localisation, 81 
peduncles, 62, 67, 86, 219 
Cerebro-spinal fluid, 43 
Cerebrum, 57, 422 
Cervical flexure, 60 
Chameleon, pineal eye of, 149 
Chamoeprosopes, 308 
Check ligaments, 306, 313 
purposes of, 313 
Chemistry of the body, 105 
Chiasma, optic, 63, 72, 209, 216, 219 
structure of, 256 
Chlorine, 105 
Choanoideus muscle, 307 
Choked disc, 341 
Chondrin, 109 
Chorda Tympani, 72 
Choriocapillaris, 176, 177, 182, 185, 
186 


Choroid, development &f, 145, 147 
dissection of, 
microscopic ination of the, 


397 a) 
ur e, 175, 368 
icàl functions of the, 183 
phy, 186 
A 83 


a tophores, 176 
yle, 95 
Zilia, of epithelial cells, 18, 27 


of eyelids, 329 
Ciliary arteries, 176, 336, 371 
body, development of, 145 
position of the, 194 
ganglion, 322 
muscle, 29, 171, 195 
spasm of, 36 
structure of, 195 
nerves, 322 > 
part of the retina, 175, 197, 210, 
226, 372 
processes, 197 
dissection of, 369 
zone, 190 
Ciliated epithelium, 18 
Circulatory organs, 3 
Circulus iridis major, 197, 336, 371 
minor, 190, 336, 371 


Ò yeast, 110 
lular tapetum, 179 
Cellulifugal, 422 


Circumlental space, 204 


AO 
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Classification of living beings, 423 
Coagulation of blood, 89 
Cocci, 113 
Colloids, 109 
Coloboma, theory of causation of, 146 
Commissural fibres, in a reflex arc, 55 
of the brain, 68 
Commissure, grey, of spinal cord, 45 
_ of Gudden, 254 
optic, 63, 72 
white, of spinal cord, 45 
Compound eye of insects, 137 
Cones, structure of retinal, 235 
contractility of, 240 
foveal, 248 
Conjunctiva, 20, 156, 330 
Conjunctiva, dissection of the, 375 
limbus, 331 
Consensual pupillary reflex, 192 
Cord, spinal, 7, 9, 18, 38, 43 
Cornea, human, 159, 407 
human, as refracting apparatus, 
170 
degeneration of, 116, 172 
description of, 159 
development of, 145 
minute anatomy of the, 162 
netve supply and nutrition 
of the, 164 
transparency of the,167 
. of fishes, 155, 161 
of mammals, 162 
dissection of, 362, 367 
microscopic sections of the, 
394 
Corneal catoptric images, 160 
loupes, 343 
optic system, 170 
Cornu, of spinal cord, 45 
Corona radiata, 86 
Corpora albicantia, 62 
geniculata, 60, 67, 209, 219 
primary visual centres, 209, 


220, 252, 260 
quadrigemina, position of, 63, 67, 

functions of, 220 

Corpus, callosum, 62, 69, 81, 
254, 281 

amoeboid movements of mS Ap 85) 
Malpighian, 105 O 
formation of, 104 


209, 219 
i 
Corpuscles, blood, 89 S 
tactile, 127 


Cortex, cerebral, 60767, 68, 82, 84, 
86, 209 N 
develo of, 66 
functo of, 81, 289 


AA structure of, 259 
of RN ine lens, 205 
Corticalyvistal centres, 220, 271, 275 
iation of, 281 

nérves, 70 
uscular vision, 427 
inism, 102 
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Crura cerebri, 62, 67, 86 
Crustaceans, luminous, 140 
Crypts of the iris, 190, 398 
Crystalline lens, anatomy of, 204 
dissection of, 362 
fibres, 206 
formation of the, 144 
functions of the, 207 
Crystallinian cones, of insects, 138 
Culture medium, 114 
Cuneus, 83, 220, 271 
Curare, 32, 101 
Cutaneous sensations, 127 
Cyclopia, 151 


Dacryon, 304, 308 

Dammar resin, 388 

Death, 118 

Decussation, definition of, 427 
Degeneration, ascending ; descending, 


57 

method, the, 260 

of living tissues, 116 

Wallerian, 47, 261 
Dehydratation, 388, 398 
Descemet’s membrane, 163, 164 
Diapedesis, 112 
Dilator muscle of the pupil, 188 
Diplobacilli, 114 
Dissection of the eye, 356 
Diurnal vision, 427 
Dollinger, ring of, 164 
Ductless glands, 100 
Dural sheath of optic nerve, 158, 218 


Dura mater, cerebro-spiital, 42 
ECTODERM, 17, LO) , 150 


Efferent nerves, 
Embolism of aggtimal artery, 186, 335 


Embryologi evelopment of the 
eye, 
ge onsiderations of the, 147 
Em a, 311,427 


Enda m, 17, 142 
iRsornosis, 173 
© othelium, corneal, 162, 428 
ophthalmia, 307, 429 
Enzymes, 110 
Eosin, 387 
Ependymal epithelium, 59 
Epiblast, 17, 142 
Epidermis, 18 
Epiphora, 333 
Epiphysis, 148 
Epithelial tissue, 17 
ciliated, 18, 27 
Epithelium, corneal, 162 
Erythema, 122 
Ethmoid bone, 304, 309, 406 
Evolution of the eye, 137 
Excretory òrgans, 4 
Exophthalmia, 307, 429 
Exosmosis, 173 
External plexiform layer of the retina, 
242 
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Extrorse eye, 138 
Eyeball, the, generally, 151 
Eye-kernel, dissection of, 364 
Eyelids, dissection of, 375 , 
general description of, 328 
Eye of mammals, 139 
of molluscs, 139, 149 
size of human, 153 
dissection of, 356 


FacrtaL NERVE, 71, 322 
Farrant’s fluid, 396 
Femur, 24 
Ferments, 110 
Foetal cleft, 145 
Fibres, afferent or centripetal, nerve, 
42, 47, 49, 50,. 55 
bone, 24 
classification of nerve, 42 
commissural nerve, 55 
connective tissue, 21 
corticifugal, 274, 280 
efferent or centrifugal, 42, 47, 
49, 50, 55 
elastic, 21 
formation of, 17 
muscular, 30 
nerve, description of, 40 
of the crystalline lens, 206 
sutural, of Ranvier, 163 
Fibrous tapetum, 179 
Filtration angle, 199, 367 
Filum terminale, 43 
Fincham’s slit-lamp, 348 
Fissure, calcarine, 83, 209, 220, 254, 
271 
of Rolando, 64, 81, 254 
of Sylvius, 64, 81, 281 
parieto-occipital, 81 
Fluorine, 105 
Fluorescein, 186, 200 
Focal illumination, 346 
Fontanelles, 26 
Foramen centrale, 247 
coecum, 247 
magnum, 43, 62 


of Monro, 64 g 


Formalin (formaldehyde), 356 
Fornix, conjunctival, 330 O 
Fossa patellaris, 204, 373 Q 
Fovea centralis, 211, 372 N 
structure of, 240, n ®) 
Fraction of Fechner, ( 72 
Frontal bone, 303, 40 6 
sinus, 309, 40, 
Fuchsin, basic, 


Fuchsine, reti pigment, 234 
Function oe cerebellum, 73 
of N ebral hemispheres, 74 
Fundus, ration of the, 177 
E fobe, 271 
S LTA, of sympathetic system, 42, 
6 


8 
of spinal nerves, 44, 47, 48 


Ganglion, ciliary, 322 
definition of, 430 
cell layer, structure of, 244 
Gastrocnemius muscle, 31, 33 
Gelatine, 109 
Genus, definition of, 430 
Geniculate bodies, position of, 60, 67, 
209, 219 
primary visual centres, 209, 219, 
252, 260 
Gecko, pineal eye of, 148 
Glabella, 304, 308 
Gland, lachrymal, 56, 88, 147, 305, 331 
dissection of, 377 
pineal, 63, 149 
pituitary, 63, 64, 103 
ductless, 100 
gastric, 19 
lymphatic, 95, 100 
Glands, meibomian, 329, 376, 392 
of Krause, 331 
of Peyer, 100 
of Zeiss, 329 
salivary, 19, 72 
sweat, 98 
thymus, 103 
thyroid, 102 
Glaucoma, 168, 201, 339, 341 
infantile, 341 
Glosso-pharyngeal nerve, 70, 73 
Glow-worm, 140 
Gold chloride staining, 394 
Grafting, operation of, 11, 119 
Grey commissure, 45 


5 
Gristle, 23 
Gustatory nerve, 


HALLER’sS lay he choroid, 176, 
185 

Hassner’s e, 332 

Hatteri ctata; 148 


Have rcanals, 24 
He) man, 91 
uscular tissue of, 28 
K nerves supplying the, 42, 73 
valves of the, 92 


bn regulation of animal, 96 


Heliotropism, 123 
Hemoglobin, 13, 89, 92, 106, 108 
Hematin, 13 
Hematoxylin, 387 
Hemiachromatopsia, 283 
Hemiamblyopia, 283 
Hemianopsia, 269, 282 

absolute, 283 

basal, 285 

blinker, 282 

cortical, 285 

nasal, 282 

pupillary reactions in, 286 

relative, 283 

sub-cortical, 285 

visual troubles occurring in, 282 
Hemianopic pupillary reaction (Wer- 

nicke), 286 
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Hemiplegia, 270, 287 
associated with mind-blindness, 
289 
Hemorrhage, 430 
Henle’s membrane, 189 
Hippus, 194 
Humerus, 25 
Hyaloid artery, 146, 336, 360 
canal (canal of Cloquet; canal of 
Stilling), 146, 216, 336, 373 
membrane, 202, 216, 364, 412 
Hydrochloric acid, in gastric juice, 
107 
Hydrogen, 105 
Hyoid bone, 73 
Hyperemia, 113 
Hypertension, arterial, 37 
Hypoblast, 17, 142 
Hypoglossal nerve, 70 


IGUANA, pineal eye in, 148 
Imbecility (cretinism) 102 
Imbibition, definition of, 430 
Indirect pupillary reflex, 192 
Inferior maxillary bone, 303 
oblique muscle, 72, 316 
rectus muscle, 72, 316 
vena cava, 91 
Inflammation, 112 
Infra-orbital foramen, 304, 406 
nerve, 304, 323 
Infra-trochlear nerve, 323 
Infundibulum, of the brain, 63 
of ethmoid bone, 310 
Inhibition, definition of, 430 
Inner granular layer of the retina, 242 
molecular layer of the retina, 244 
Inorganic compounds, 106 
Insects, compound eye of, 137 
Inspection lamp, 352 
Intercalar portion of the eye, 
159, 174 
Intercostal nerve, 69 
Internal rectus muscle, 72, 193, 315, 
320 
Interstitial keratitis, 117, 173 
substance, connective tissue, 21 


Intervaginal space, 218 
; g 


Intraocular pressure, 184, 199 
196, 


154, 


338 
Iridic angle, 196, 200, 367, 


part of the retina, 188 
210, 226 
Iridodonesis, 187 ( ) 

Iris, description of, 137 
development ð 
dissection of 
microscopi 
397 
#8 the, 187, 397 


f fish 179 
on of, 187 


a, 187, 397 
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TSA 
mination of the, 


7 
bility of animal cells, 15 
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KATABOLISM, 16 

Keratin, 109 

Keratoblasts, 173 

Keratometer, 343 

Keratoscopic (or Placido) disc, 161, 
353 

Krause’s glands, 331 


LACERTA OCELLATA, pineal eye of, 149 
Lachrymal apparatus, 328, 331 
dissection of the, 375 
bone, 304, 305, 308 
canal, 305, 405 
gland, 56, 88, 147, 305, 331 
groove, 305, 406 
nerve, 323 
sac, 332, 375 
Lacteal vessels, 95 
Lactic acid, 110 
Lamelle, cerebellar, 68 
Lamina cribrosa, 213, 216, 217, 255, 
366 
Larynx, 100, 431 
Lamina fusca, 176, 182 
vitrea, 175, 177, 183 
Lashes, 329 
Law, definition of, 431 
of association, 80 
of conservation of energy, 1l, 8, 
27, 76, 428, 431 
of indestructibility of matter, 1, 
76, 431 
Lens, crystalline, 3, 204 
capsule of, 205 


dissection of ap, 374 
embry X 144, 207 
epithelia 206 
fibres 
RY: 205 
Leptopro O i 
Lesser cig@he the iris, 190, 336, 371 
Leucg 15, 90, 115, 173 
Leu 55 


: palpebræ superioris, 29, 72, 
328, 329 

nerve supply of, 321 

Lids, dissection of, 375 

microscopic examination of the, 
392 

Ligaments, 6, 22, 431 

Light reflex, 192 

Lingual lobe, 220, 271 

Lipman’s method of colour photo- 
graphy, 184 

Listing’s plane, 324 


| Literal blindness, 290 
| Lizards, pineal eye of, 150 


Lobes, cerebral, 62, 64, 81, 84 
Lockjaw, 36 

Locomotor ataxia, 133, 193, 281 
Luciole, 140 

Lungs, 2, 23, 106 
Lungs, nerves supplying, 
Lymph, 23, 43, 94, 173 


42, 73 


Lymphatic glands, 95, 100 
spaces, 95, 338 
vessels, 9, 18, 95 


Macura Lutea, 130, 210, 372 
special structure of, 247 
Magnesium, 105 
Major arterial circle of the iris,. 197, 
336, 371 
Malar bone, 304, 305, 406 
Malpighian corpuscles, 105 
Mammals, evolution of the eyes of, 
139 
Manganese, 105 
Manometers, 204 
Matrix, connective tissue, 21, 23, 89 
Maxillary antrum, (antrum of High- 
more), 309, 406 
bone, 303, 305, 406 
sinus, 310 
Measurement of the size of micro- 
scopic objects, 390 
Meatus, nasal, 309 
Median fissure of the brain, 63 
Medulla, definition of, 434 
oblongata, 43, 58, 62, 434 
development of. 59, 143 
functions of, 69 
Medullary canal, 65, 142 
Meibomian glands, 329, 376, 392 
Melanine, 234 
Membrane, mucous, 18, 20, 116 
Membrane of Henle, 189 
Memory, visual, 293 
Mesoderm, 17, 21, 142, 145, 150 
Metabolism, 16, 173, 207 
definition of, 434 
Metastasis, 116 
Methods of examination of the living 
eye, 342 
Micro-ancephalia (microcephalia), 85 
Microbes, 113 
Microphthalmia, 166 
Microscope, description of the 378 
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Movements, spontaneous, 124 
voluntary, 124 
Mucin, 109 
Mucinoid material, 102 
Mucous membrane, 20 
Mucus, 18, 20, 109 
Miiller’s fibres, 224, 228, 246, 247, 402 
fluid, 357, 383, 393, 396, 403 
muscle, ciliary, 195, 197, 369 
tarsal, 329, 393 
Muscle, ciliary, 29, 36, 72, 140, 170, 
195 
dissection of, 369 
gastrocnemius, 31, 33 
levator palpebræ superioris, 29, 
315, 320, 329 
of Brucke, 195, 369 
orbicularis, 322, 329 
-nerve preparation, 32 
plasma, 31 
serum, 31 
Muscles, 6, 10, 24, 27 
chemistry of, 31 
extra-ocular, 29, 135, 314 
involuntary, 30, 36 
irritability of, 36 
kinds of, 28 
microscopic structure of, 29 
palpebral, 171, 329 
structure of, 29 
voluntary, 30, 36 
Muscular contraction, mechanism of, 
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ee cones, 236, 240 


fibres, 29 

sense, 133 

tissue, 27 
Myeline ( Mine ey 
Myoid of ther 
Myosin, 31 
Myxceder 2 


NASA NE, 304, 406 


atural selection, 435 


Microscopic examination of the iris sele ; 
and of the choroid, 397 autilus, 139, 150 


section making, 382 


stains. A convenient form 
404 © 
Microtome, 385 Va 


Mind-blindness, 289 

Mineral compounds, 10 

Minor arterial circlefo iris, 190, 
336, 371 

Molecular layer, Oye cerebral cortex, 
68 


Monste 
Morti eh 
Motor a asia, 83, 290 

Syne fibres, 42, 47, 48, 54, 72 


o¢uli nerves, 72, 


Onting, 
388 


78, 319, 320 
of microscopic sections, 


ebule, corneal, 173, 355 
Necrosis, 117 
definition of, 435 
Neoplasm, 117 
Nerve, abducens, 71, 72, 319 
acoustic (auditory), 70, 74 
cells, activities of, 78 
facial, 10)-72, 322 
fibres, 18, 39 
fibres, classification of, 42 
functions of, 42 
structure of, 39 
glosso-pharyngeal, 70, 73 
gustatory, 70, 73 
hypoglossal, 70, 73 
intercostal, 69 
of Wrisberg, 322 
optic, 70, 145, 158, 209, 216, 255, 
319 


pana — 


INDEX 


Nerve, Optic,—Continued. 
dissection of, 360 
embryology of, 145 
general description of, 216 
sheaths of, 218 
structure of, 255 

phrenic, 69 
pneumogastric, 50, 70, 73, 101 
sciatic, 52 | 

Nerve supply of the motor apparatus | 

of the eye, 319 

Nerve, supra-orbital, 303 

trigeminus, 70, 72, 322 
vagus, 69, 102 | 

Nerves, classification of, 42 | 

cranial, 38, 70 
degeneration of spinal, 47 
motor, 30, 42, 47, 72 
of the cornea, 164 
sensory, 19, 42, 46 
somatic, 42 
spinal, 38, 43 
splanchnic, 42 
sympathetic, 38, 86 
Nervous apparatus of the eye, 209 
energy, 76 
impulses, transmission of, 50, 76 
speed of propagation of, 52 
mechanism of the sense-organs 
generally, 135 
system, constitution of the, 9, 38 
tissue, structure of the, 39 
Neural axis, 58 
canal, 58, 65, 142, 148 
groove, 65, 142, 148 

Neurilemma, 39, 47, 165 

Neuritis, optic, 218 

Neuroglia, or nerve-glue, 41, 59, 68, 

224, 245, 246 
Neuron, 41, 135, 221, 222 
description of, 436 

Neurons, retinal, 250 

Newton’s rings, 181 

Nissl’s granules, 78 

method of staining, 264 

Nitrate of silver, 394 

Nitrogen, 105 

Nucleus, of a cell, 12, 14, 16, 18, 22, 

264 
Nutrition of the eye, 335 


OBLIQUE OR FOCAL ILLUMIN We, 

Occipital bone, 43, 62 Le) 
lobe, 62, 64, 72, 
254, 258, 278 


location se" centre in, 


220, 2 | 
Ocular append | 
muscle 


re; 72, 78, 319, 320 


20, 224, 


Oculo- aN 
Oil of bexgatRot, 388 
raț os 388 
o1fa@y ulbs, 63, 
oe es, 71 
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racts, 63, 71 
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Ommatide, 137 
Opaque nerve fibres, 245 
Ophthalmic artery, 219, 335 

ganglion, 322 

nerve of Willis, 164 
Opsonins, 115 
Optic canal, 216 

chiasma (commissure), 63, 72, 


209, 216, 219, 256 
disc (papilla), 210, 212, 372, 408 
foramen, 305 
groove, 219 
nerve, 70, 155, 209, 216, 255, 319 
dissection of, 380 
embryology of, 145 
general description of, 216 
sheaths of, 218 
structure of; 255 
fibre layer, of the retina, 245 
neuritis, 218 
radiation, 72, 209, 273 
thalami, 59, 67, 218 
tracts, 72, 209, 219, 256 
Optical aphasia, 289 
vesicles, 141 
Ora serrata, 174, 188, 195, 197, 210, 
408 
Orbicularis muscle, 
Orbital index, 308 
plate of the frontal bone, 305, 
405, 406 
Orbit, contents of the, 311 
Orbito-Muscular aponeurosis, 311 
Orbits, the, 303 
bones of the, 305, 
shape of the, 304 A 
Organic hearing, (N 
Organ of hearing, 3 
Organs, respiratg 


322, 329 


gfanular layer of the retina, 

structure of the, 241 

J wnolecular layer of the retina, 
structure of the, 242 


Oxyhemoglobin, 90 


ogee 5, 16, 89, 100, 105, 120, 121 


PALATE Bone, 305, 406 
Palpebral aperture, 166, 328 
(lachrymal) gland, 331 
muscles, 329 
Pannus, 173 
Papilla (optic disc), 
408 
(tactile corpuscles), 128 
lachrymalia, 332 
Papillo-macular bundle, 245, 267, 275 
Paraplegia (or complete paralysis), 54 
Parasitic bacteria, 114 
Parietal hole, 148 
Parieto-occipital fissure, 81, 82 


210, 212, 372, 


Pars ciliaris retine, 175, 197, 210, 


226, 372, 408 
iridiea: retine, 188, 191, 196, 210, 
220, S12 


Path of vandal impulses, 260 
Pathological processes, 112 
Pectinate ligament, 164, 195, 200, 
338, 412,414 
Peduncles of the cerebrum, 62, 67, 86 
Pelvis, description of, 437 
Pepsin, 111 
Peptones, 109 
Perichoroidal space, 340 
Perimysium, 29 
Periosteal vessels, 24 
Periosteum, 24 
Peritoneum, 103 
Pharynx, description of, 437 
Phenomena observed after removal 
of cerebral hemispheres, 80 
Phlegmon, 115 
Phosphate of calcium, in bone, 24 
Phosphene, 252 
Phosphorescence, 140 
Phosphorus, 105 
Photobacterium, 140 
Photogenic function, 140 
Photo-motility, 123 
Photo-motor centre, 275 
Photospheres, 140 
Phrenic nerve, 69 
Phylogeny, 438 
Physiologic actions, principal cate- 
gories of, 76 
cup, 213, 335, 408 
functions of the spinal cord, 53 
Pial sheath, of the optic nerve, 218 
Pia-mater, 43, 67, 175, 218 
Picric acid, 383 
Picro-carmine, 364, 373, 395 
Pigmentary retinitis, migration of 
pigment in, 398 
Pigmentation of animals, 122 
of the iris, 190 
Pigment epithelium (retinal), nourish- 
ment of the, 242 
structure of, 233 
Pineal eye, 147, 148, 225 


gland, 59, 63, 148 
Pituitary body ( (gland), 
282 


disease of, 282 


‘Placido. den 161, =i 


Planum bone, 310 
Plasma, muscle, 3 
blood, 89, 


Plica EN , 214, 407 
Pneumococ 

Pneumo Apn 50, 70, 73, 101 
Pons Noe 67. 12 

Poru cus, position of the, 372 


Poste¥ior chamber, position of the, 
98, 408, 410 


à hor iary arteries, 176, 336 


limiting membrane of the iris, 187 
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Potassium, 105 
Presbyopia, 205 
Primary optic vesicles, 143, 144 
visual centres, 209, 220 
Production of light by living beings, 
140 
Proteids, 109 
Protoplasm, 12, 78, 90, 109, 111, 136 
description of, 438 
Pseudopodes, 15, 27, 90 
Psychical blindness (mind-blindness), 
289 
Ptyalin, 111 
Pulse wave, 93 
rate, 94 
Pulvinar, 67, 219, 269 
Puncta lachrymalia, 332 
Pupil, 2, 28, 146, 187, 192 
Argyll Robertson, 193 
Pupillary fibres, of optic nerve, 253, 
274 
membrane, 146, 198 
reactions, 192 
reflexes, in hemianopsia, 286 
in retro-bulbar neuritis, 194 
zone, of the iris, 190 
Purkinje’s figures, 228 
Pyramidal tracts, 86 
Pyrophore, 140 


QUADRIGEMINAL BODIES, 63, 72, 219, 
258, 273, 275 


RADIATIONS, 438 
Red blood corpuscles 89 
Reflex action, 42, 1, 69, 79, 124 
actions, of i a 79 
of ney 


Oni pen 54 
1a of the eye, 156, 198 
of the ocular globe, 151 
of temperature of human 


“Se between size of brain and 

ellectual faculties, 85 

esins, 388 

espiratory organs, 4 

Reticulum of the iridic angle, 164 

Retina, 115, 118, 122, 127, 130, 143, 
156, 210, 222 
blood-vessels of the, 213, 335 
coloration of the, 214 
dissection of the, 371, 400 
embryological development of 
the, 143, 223 
inversion of the, 
animals, 147, 223 
microscopic structure of the, 231 
position of the, 210 
post-mortem changes in the 
appearance of the, 212, 401 
section of the, 400 
sensitive part of the, 235 
structure of, anterior to the ora 
serrata, 226 


in higher 
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Retinal arteries, 335 
cones, contractility of, 240 
layers, according to Müller and 
Schultze, 231 
according to Ramon y Cajal, 
231 
neurons, 250 
Retinitis, pigmentary, 398 
Retinula, of an ommatide, 138 
Retro-bulbar neuritis, pupillary reflex 
in, 194 
Rigor mortis, 31 
Ringer’s fluid, 403 
Ring of Dollinger, 164 
of Zinn, 314 
Rods, structure of the retinal, 235 
Ruysch’s layer of the choroid, 177 


SALAMANDER, regeneration of the eye 
of the, 151 
Saprophytes, 114 
Sarcolactic acid, 31 
Schlemm’s canal, 170, 196, 201, 367 
Sciatic nerve, 52 
Scleral ring, 212 
sulcus, 156, 367, 407, 410 
Sclero-corneal coat, the, 157 
as an organ of protection, 172 
comparative anatomy of 
the, 149 
dissection of the, 360, 366 
embryology of, 145 
limbus or sclero-corneal junction, 
169 
Sclerosis of the lens fibres, 205 
Sclerotic coat, 145, 157, 366 
of the eye of the snail, 139 
Scotoma, 283 
central, 267 
Sebaceous glands, of the lids, 328 
Secondary optic vesicle, 143, 148, 
174, 223 
Sections (microscopic) of the cornea, 


(microscopic) of the retina, 400 
of the uveal tract, 396 
of the anterior segment of 
the globe, 399 


Sella turcica, 282 
Sensations, 123 Ný 
Sensation of pain, 133 
Sense of smell, 136 
of touch, 127 
-organs, general CAnsements of 


of the whole globe, 393 of 


the, 123, 22 Y 
Sensory aphasia, 2) 90, 419 
epithelia, 


fibres, 
nerves Sh, 50, 54 
stim 95 
Sept, iann, 64 
Se ode ibrane, description of, 445 
sop 89, 112 
Q escription of, 445 
N 


Silicon, 105 
Silver haloid, 184 
nitrate, 394 
Sinus, definition of, 445 
circularis iridis, 201 
Sinuses of the orbit, 309 
Slit-lamp, 348 
Slough, 118 
Sodium, 105 
Solar erythema, 122 
Somatic nerves, 42 
Spaces of Fontana, 201, 338, 367, 
412, 415 
Spasm of accommodation, 171 
Special sensations, 125 
Spectroscopic examination of light of 
glow-worm, 140 
Sphenoid bone, 219, 282, 305, 337, 
406 
Sphenoidal air cells, 310 
fissure, 305, 321, 405 
turbinate bone, 310 
Spheno-maxillary fissure, 305, 323, 
405 
Sphincter muscle of the iris, 28, 72, 
188, 192 
position of the, 188, 370, 398 
Spinal bulb, 58, 62, 65, 67 
functions of the, 69 
canal, 9, 43 
cord, 7, 9, 18, 38, 43 
physiologic properties of 
the, 53 
reflex actions of the, 54 
ee of J. 43 
nerves, 38, 
silat rh, 
Mactio e roots of, 45 
Spirilla, 113 
Spirochita palid 
Splanchnie *< e, 42 
(10) 1 3 


Spleen, 1p 
Spon, $ movements, 124 
Stai microscopic sections, 387 


St@rnum, 103 
yeiiings canal (canal of Cloquet; 
yaloid canal), 146, 216, 336, 373 
QyStimuli, 16, 28, 32, 35,.47 
chemical, 36 
Stomata of the iris, 190 
Stroma of the iris, 187, 397 
Strychnine, 36 
Subarachnoidal space, 43, 218 
Subdural space, 43, 218 
Substantia propria of the cornea, 162, 
395 
Sulci of the brain, 68, 81 
Sulcus scleræ, 156, 367, 407, 410 
Sulphur, 105 
Superior maxillary bone, 304, 305, 
309, 406 
oblique muscle, 72, 316, 320 
rectus muscle, 72, 315 
vena cava, 91 
Suppuration, 116 
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Suprachoroidal membrane, 175, 182, 


Suprachoroidal space, 175 
Supra-ciliary ridge, 304, 328 
Supra-orbital nerve, 303, 323 
notch, 303, 323, 406 

Suprarenal bodies (capsules), 100 
Supra-trochlear nerve, 323 
Suspensory ligament (zonule of Zinn), 

202, 361, 365, 373, 408, 410 
Sutural fibres of Ranvier, 163 
Syllabic blindness, 298 
Sympathetic nervous system, 38, 86 
Synovial fluid, 306 
Syphilis, 117 


TABES DorSALis, 281 
Tactile corpuscles, 127 
sensations, 127 
various kinds of, 128 
Tapetum lucidum, the, 178 
Tarsal ligament, the, 323 
Temperature of human body, regula- 
tion of the, 96 
Tendons, 22, 30 
Tenon’s capsule, 306, 311 
dissection of, 377 
Tension of the globe, 184, 201, 204, 
338 
Tensor of the choroid, 195, 369 
Teratology, 151 
Terminal thread, 43 
Tetanus, 35 
Thermal sensations, 131 
Thigh bone, 24 
Thoracic duct, 95 
Thymus gland, 100, 103 
Thyroid gland, 100, 102 
Thyroidin, 103 
Thyroid tumour, 307 
Tibia, 24 
Tissue, adipose, 22 
bone, 23 
cancellous, 24 
connective, 19 
epithelial, 17, 18 
fibrous, 22 
muscular, 27 
nervous, 38 
nutritive, 17, 89 
white fibrous, 22 
yellow elastic, 22 
Tissues, living, 10, 1 
Tonometers, 204 
Tonsils, 100, 10 
Toxins, 114 3 © 


Transmission vous impulses, 50 
Tremulousng: the iris, 187 


Trigemi ON rve, 70, 72, 319, 323 
Triton, SO 
Trochdear*muscle, 72, 316 


ve, 72, 321 
qi i€ modifications, 121 


oo cinereum, 63 
berculosis, 114, 117 
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Tumour, intraorbital, 307 
Tumours, 117 


ULCERATION, 116 
Ulna, 28 
Ulnar nerve, 131 
Ultra-miscroscopic, definition of, 446 
Uveal coat, dissection of the, 368 
tract, 174 
embryology of, 145 
sections of the, 396 


Vacus NERVE, 69, 71, 73, 101 
Valve of Vieussens, 64 
Valves of the heart, 91 
Van Gieson fluid, 387 
Vaso-motor centres, 87 
Vein, central retinal, 213, 219, 336 
pulmonary, 91 
Veins, of the body, 4, 90, 92 
Venez cave, 92 
Venz vorticose, 176, 337, 368, 371 
Venous sinuses, 337 
Ventricles of the heart, 91 
Verbal blindness, 84, 289 
Vessels, blood-, 9, 18, 91 
blood-,; nerves of the the, 87 
lymphatic, 94 
Viscera, 8, 18, 38, 42, 86, 446 
Visual acuity, 130 
cortical centres (association of 
the two), 281 
centres, location of the, 209, 


220, 271, @75 
impulses, pa ioe 261 
purple, 185, KS 287 
Visuels, 296 
, 201, 359 


Vitreous bod 
body, atoid membrane of the, 
, 216, 364, 412 
XK Mection of the, 359, 364 


ON DEGENERATION, 47, 261 _ 


ashing of microscopic sections, 388 
Nernicke’s hemianopic pupillary re- 
action, 286 
White blood corpuscles, 89 
commissure, of spinal cord, 45 
fibrous tissue, 22 
Willis, ophthalmic nerve of, 164 
Word-blindness, 84, 289, 419 
Word-deafness, 84, 289, 419 
Wrisberg, nerve of, 322 


XYLOL, as solvent, 388 


YELLOW Spot (macula lutea), 130, 
210, 372 
Yellow elastic tissue, 22 


ZEISS’ GLANDS, 329 


Zonule of Zinn, (suspensory liga- 
ment), 202, 361, 365, 373, 408, 410 
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